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Earlier researches were concerned with the relationship be- 
tween the chemical constituents of flour and its “strength” or 
baking quality. Crude gluten, total protein and the glutenin-gliadin 
ratio have variously been cited as the predominating factor in de- 
termining this property of flour. Woodman (1922) has suggested 
that the constitution of the glutenin may not be fixed and that this 
variable is of importance, although his point of view has not gen- 
erally been accepted. The fat and lipoid contents have also been 
investigated with a view to determining their effects on the baking 
quality. Working (1924) believes that the phosphatide content 
plays an important role in bread doughs. 

Little progress was made from the chemical standpoint in the 
formation of a clear conception of the meaning of baking quality, 
but the “quality” of the gluten has been associated frequently with 
the ideas of strength in flour; this paved the way for a physico- 
chemical theory. Wood (1907) and Wood and Hardy (1908) were 
among the first to emphasize that baking quality might be more 
related to the physical properties of the proteins than to the chem- 
ical composition. Upson and Calvin (1915) held similar views and 
the work was continued by Gortner and Doherty (1918), who ap- 
plied the conception of the colloidal state in order to explain the 
differences in baking strength; they regarded gluten as a colloidal 
gel, whose physico-chemical properties varied from flour to flour. 
The works of Ostwald (1919) and Mohs (1922) are well known in 
this connection. These studies naturally led to the attempt to 
measure the colloidal condition of a flour, and in view of Graham’s 
work on the viscosity of colloidal solutions, this property was one 


1 Condensed from a Thesis approved for the Degree of Doctor of Philosophy in the 
University of London. 
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of the first to receive attention. As a result of this work, the view 
is now generally held that the quality of the protein is one of the 
main factors controlling baking properties and that this “quality” 
factor is determined largely by the imbibitional power of the pro- 
teins, i.e., the colloidal condition. 

Swanson (1925) has given a very clear picture of this theory 
of colloidal behaviour; he states: 

“We have at least two continuous phases, water and the 
gluten meshwork. In this double continuous phase system are 
held the starch grains as well as the non-gluten proteins, all 
covered by a film of water. In this water are found mole- 
cularly dispersed salt, sugar and simpler organic compounds 
such as amino-acids or soluble proteins. . . . Into this most 
complex environment we place the yeast plant. When we make 
a baking test we thus deal with physical, chemical and biologi- 
cal forces, and the baking test becomes one of the most delicate 
tests we can imagine.” 

Jaking quality will depend, therefore, as one essential upon 
the colloidal dough structure and upon the strength of the fibrils of 
the protein meshwork, and these in turn are determined by the col- 
loidal condition of the protein particles in the original flour. The 
strength of these fibrils will depend to some extent also on the 
number of protein particles, i.e., on the amount of protein present. 

Given the acceptance of the colloidal theory of dough structure 
and the knowledge of the : :nsitiveness of colloids to the effects of 
heat, it is little wonder that attention was directed to attempts to 
change the state of the proteins by hecting. The use of heat has 
been discussed with regard to the conditioning process, i.e., to get 
the endosperm and the outer coatings of the berry into a condition 
of easy separation, by Tague (1920), Simon (1923), and Kirby 
(1923), but Kent-Jones (1926) was the first deliberately to apply 
heat with the object of changing the colloidal condition of the 
proteins. Kent-Jones in 1924 was granted British Patents Nos. 
228.829, 228,830, 228,841 and 263,897 for the commercial exploita- 
tion of the process, and, subsequently, patents for similar heat 
treatment processes have been granted to Fisher and Jones in 
1928 (British Patents Nos. 300,291 and 300,537), Noury and van 
der Lande in 1928 (British Patent No. 300,568) and Hall and George 
in 1929 (British Patent No. 310,125). On the scientific side, how- 
ever, the work of Kent-Jones (1926) stands alone as the original 
and fundamental contribution to our knowledge of the changes 


taking place during the heating of wheat and flour. Kent-Jones 
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could detect no effect on the strength of a wheat by the normal 
conditioning process; his opinion is that the conditioning improves 
the milling properties of the wheat and thereby indirectly the flour 
also. More severe heating, however, under certain conditions, 
markedly enhances the baking quality; there is in the first period 
no noticeable improvement in baking strength, followed by a 
definite period of maximum increase and then continued heating 
ruins the wheat or flour from a baking point of view; if this “over- 
heated” flour or wheat be mixed with the unheated sample, there 
is a definite improvement in the dough behaviour. The quality of 
the gluten is changed by this heating; at the correct time for 
maximum improvement there is a toughening but afterwards the 
gluten becomes “short” and snappy and loses its power of cohe- 
sion, so much so that eventually the gluten cannot be retained in a 
washing test. 

A detailed study of these heated and overheated flours showed 
that there was a definite increase in the relative viscosity of the 
water suspension over that of the untreated; heating reduced the 
amount of protein soluble in 5% potassium sulphate solution and 
the solubility of the albumen in water. Kent-Jones used the fall in 
viscosity of flour suspensions kept at 27° C. to indicate the proteo- 
lytic activities of the flour, and concluded therefrom that proteo- 
lytic activity is not proportional to weakness, for some strong 
flours have quite marked proteolytic activities, while many weak 
flours are lacking in this. 

Heating is suggested as a means of increasing the degree of 
aggregation of the proteins, so that the imbibitional power is aug- 
mented and consequently increased strength of the dough struc- 
ture is obtained. With regard to the improving action of the added 
“overheated” flour, the amount of which by suitable times and 
temperatures can be reduced to as low as one per cent, Kent-Jones 
(1926, p. 107) says: 

“There is little doubt that the increased baking value is 
due chiefly to the increased imbibitional power of the heated 
proteins. ... At the commencement of fermentation it has 

little, if any, effect. Then as the dough wants to slacken out, 
this abnormally swollen nucleus knits the whole together. 
Usually the longer the fermentation, the more the slacken- 
ing of the dough and the feeling of weakness; at the same 
time the more this nucleus is swelling and stiffening the 
otherwise too soft dough. Such overheated flour thus be- 
comes an ‘improver’ of a very special and valuable nature.” 
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Berliner and Ruiter (1928a) have considered Kent-Jones’s work 
in some detail and have extended the observations on the effect of 
heat upon flour. They confirmed the toughening effect on the gluten, 
until the stage was reached when no gluten was retained, and also 
found that the higher the water content of the wheat or flour, the 
more sensitive it is to the effects of heating. They claim that if 
flour which has been previously dried in a vacuum at room tem- 
perature be heated for 15 hours at 80°C. in an open vessel, the 
gluten is not damaged; that is, if the majority of the water is 
removed at a low temperature, then the irreversible coagulation of 
the gluten does not take place. 

Kent-Jones’ relative viscosity measurements during incuba- 
tion are criticized in that the bactericidal solution used by him 
(1: 10,000 auramine) is not effective, and that, therefore, in these 
experiments there is an interfering factor in the acid swelling of the 
flour particles caused by the growth of bacteria. Berliner and 
Riiter suggest the use of a 0.05N lactic acid solution for making the 
suspension ; this has a pH less than 3.0, at which they state there is 
no appreciable development of bacteria. The viscosity changes 
are, however, of a similar nature to those of Kent-Jones. 

A very interesting observation of Berliner and Riiter was that 
the strongly overheated flour appeared distinctly different from 
the unheated when viewed under ultra-violet light; according to 
them the former shines up light blue between untreated or only 
lightly treated flours. Kent-Jones (1928) in a reply to Berliner 
and Rutter suggested that this effect may be due to the granular 
nature of the material and not specifically to the effects of heat. 

It is essential in this resumé to consider the methods of 
measuring baking strength, or baking quality. The fundamental 
and final test is undoubtedly the baking test itself, but some 
numerical record of this is desirable for satisfactory comparisons. 
The first thing the experieticed baker studies is the behavior of 
the dough during fermentation and this is followed very carefully 
from the making of the dough right through to the final proof, 
when it is put into the oven; afterwards there is the appearance 
and build of the loaf to be considered, as well as the crumb texture. 
It is in this recording of the baking behaviour that difficulties 
arise. lt is argued by some workers that the final loaf is the mar- 
keted article, and, therefore, that should be the sole criterion of 
the successful behaviour of the dough; accordingly it has become 
popular, particularly in America, to measure the baking quality of 
a flour by the volume of the baked loaf; this is done by some 
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method of displacement. Other schemes involve the “scoring” of 
bread, in which numerical figures are allotted in respect of color, 
texture and spring of the crumb, as well as volume. Some workers, 
however, notably Kent-Jones, do not regard the loaf volume as 
a satisfactory indication of baking quality; he judges baking 
strength by the general behaviour, firmness, stability, spring, etc., 
of the dough during fermentation and this is concerned with the 
quantity and more particularly the quality of the gluten proteins. 
He then bakes cottage bread, which in general will give a bolder 
and better upstanding loaf with a stronger flour. 

Berliner and Ritter (1928a) failed to observe the same im- 
provement in baking quality due to the effect of heat and over- 
heated flours. They refer to the fact that Kent-Jones nowhere 
gives exact numerical details of the improvements in baking which 
he obtained, and state: 

“We must, therefore, record that both with the original 
K-J flour and with additions of heated flour prepared in 
accordance with the instructions given, we have found indeed 
a certain improvement in the stability of weak doughs and 
perhaps also a somewhat better standing up of cottage 
loaves, but that these differences in the quality of dough and 
loaf were so small that for the most part they did not show 
themselves at all clearly, to say nothing of their being 
capable of measurement.” 
The criticism of the loaf volume measurement method is undoubt- 
edly sound, but for comparative purposes the judgment of the 
fermenting dough has a great disadvantage in that no numerical 
record is obtained; this method is, however, probably more in 
accord with the commercial baker’s method of judging the baking 
quality of the flour delivered to him. 

It is natural, therefore, to look for some method of recording 
the properties of a dough; several suggestions have been made 
in the literature. Among the more important may be mentioned 
Jago (1911), Bailey and Le Vesconte (1924), Kress (1924), and the 
penetrometers of Harrel (1927) and Reinders and van der Lee 
(Kent-Jones, 1927, pp. 145-147). St. John and Bailey (1929) used 
three devices to test the effect of dry skim milk upon the water 
absorption of doughs and in central Europe the apparatus of 
Hankoczy is well known. The author has not had an opportunity 
of examining all these instruments, but is of the opinion that a 
satisfactory method of recording dough properties would be of 
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great value in the study and measurement of baking quality or 
strength. 

The object of the present work was to extend the investiga- 
tions begun by Kent-Jones, to consider the criticisms of Berliner 
and Riter, and, further, to examine a number of methods of testing 
the changes, which might account for the alteration in baking 
quality consequent upon the application of heat. 


Experimental 
Preparation of Material.—As a basis for this study portions 
of a bag of No. 3 Manitoba patent flour were heated under condi- 
tions laid down in the Kent-Jones patents for various times and 
temperatures ; thus: 


No. 1. Untreated. No. 4. Heated 1 hour at 160°F. 
No. 2. Heated 11 hours at 135°F. No. 5. Heated 40 minutes at 170°F. 
No. 3. Heated 2 hours at 150°F. No. 6. Commercial “K-J flour”, ie., 


heated 10 hours at 180°F. 

After heating, they were removed from the containing vessel, 
cooled and dressed. Examination of the doughs during a_ baking 
test indicated that samples Nos. 2, 3, 4 and 5 were distinctly 
stronger than No. 1; the doughs stood firmer and bolder and had 
greater stability, fully in accord with the findings of Kent-Jones. 
The addition of 0.7% of No. 6 to No. 1 produced very similar im- 
provement results, and the dough qualities were markedly supe- 
rior to those of the untreated throughout fermentation. The 
treated loaves were all bolder than the untreated. 


Imbibitional Powers.— Many attempts have been made to use 
Viscosity determinations as an index of flour strength; among 
these may be mentioned the works of Ostwald and Lwers (1919) 
and Sharp and Gortner (1922). These have not been entirely suc- 
cessful, due, probably, to the fact that baking quality is a function 
of many variables. Furtherf the viscosity determination is one 
which is dependent upon external conditions and can easily be 
affected by impurities (e.g. bran powder) and by methods of 
manipulation, as shown by Johnson (1927). It is probable, how- 
ever, that in one and the same flour, changes in the physical con- 
dition of the protein and its imbibitional powers can be recorded 
viscometrically, and that in this viscosity determination there ex- 
ists a very useful method of studying the effects of heat upon the 
flour proteins. Kent-Jones (1926) and the present writer have used 


the viscosity in this way. The specially constructed Ostwald tubes 
used by Kent-Jones have been employed again in this work, and 
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the relative viscosities only have been given. The viscosity ratios 
may not be strictly accurate, but in view of the limitations which 
have to be placed on this test, it is thought that they give as much 
information as when calculated to true viscosity data. 

The observation of Kent-Jones was confirmed that the vis- 
cosity of an untreated flour suspension in 1: 10,000 auramine solu- 
tion maintained at 27°C. increased at first and then decreased; 
the correctly heated flour suspensions had higher viscosities 
throughout but behaved similarly. The viscosity of the overheated 
flour suspension, however, increased rapidly as long as incubation 
proceeded. It was found that the H-ion concentration increased 
during incubation (e.g. from pH 6.0 to 3.5 in 72 hours) and, further, 
that there was considerable bacterial growth, as stated by Berliner 
and Rutter (1928a). Blood heat organisms increased in one case 
from 2,000 per gram to 5,000,000 per gram after 24 hours’ incuba- 
tion. A further experiment showed that this phenomenal viscosity 
increase on the overheated flour suspension was not obtained if the 
acidity was neutralized as it was formed, although bacterial growth 
proceeded in a similar way. 

3erliner and Ruter suggested the use of 0.05N lactic acid in 
making the solutions, so that they had a pH of approximately 3.0; 
this gives viscosity curves of an entirely different nature and, 
moreover, it was found that bacterial development was retarded 
but not inhibited. A typical count showed an increase in blood heat 
organisms in 48 hours from 2,000 to 700,000 per gram. 

Such a reconsideration of previous work showed that it was 
imperative: 

(a) to find a solution which would inhibit the bacterial 
development completely, and 

(b) to study the relationship of viscosity to the acidity of 
the medium of the suspension. 

Many failures were encountered in the search for a satisfac- 
tory bactericidal medium, but eventually two were found, which 
gave fairly good results. These were: 

(1) an ammonium fluoride solution of 1% strength 

(ii) a stronger lactic acid solution at about a pH of 1.0 
The former gave suspensions of pH approximately 4.0-4.5, whereas 
the latter dealt with the acid suspensions. 

Tables I and II show the viscosity changes of the flour suspen- 
sions maintained at 27° C. in the presence of 1 : 10,000 auramine 
and 1% ammonium fluoride. Graphical representation of three typ- 
ical flours is shown in Figs. 1 and 2. A comparison indicates that 
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TABLE I 


Viscosiry AND pH arrer INcuBA1ION IN Presence oF 1: 10,000 AuRAMINE 


























Flour Original After After After 
24 hrs. 48 hrs. 72 hrs. 
Vis- Vis- Vis- Vis- 
cosity pH cosity pH cosity pH cosity pH 
I (Untreated) 5.62 6.15 7.29 5.85 5.15 3.95 3.40 3.60 
Il (Heated) 6.72 6.05 8.82 5.75 7.26 4.65 4.74 4.50 
III (Heated) 5.98 6.00 8.71 5.55 7.40 4.50 4.13 3.85 
IV (Heated) 5.57 5.95 8.12 5.50 5.71 3.60 5.21 3.50 
V (Heated) 5.72 6.00 8.66 5.50 6.39 3.70 5.46 3.60 
VI (Strongly 
overheated ) 8.12 5.95 200 5.50 52.30 3.65 63.10 3.65 
TABLE II 
Viscosiry AND pH arrer INCUBATION IN PresENCE OF 1% AMMONIUM FLUORIDE 
Flour Original After After After After 
24 hrs. 42 hrs. 72 hrs. 96 hrs. 
Vis- Vis- Vis- Vis- Vis- 
cosity pH cosity pH cosity pH cosity pH cosity pH 
I (Untreated) 5.70 4.50 5.53 4.25 5.32 4.50 5.12 4.75 4.92 4.90 
II (Heated) 6.45 3.95 6.31 3.95 5.86 4.45 5.49 4.70 5.17 5.00 
III (Heated) 5.47 3.80 5.86 4.10 5.32 4.45 5.05 4.70 5.05 5.00 
IV (Heated) 5.53 3.90 5.68 4.00 5.07 4.45 4.84 4.70 4.58 4.85 
V (Heated) 5.40 4.60 5.68 4.15 5.30 4.50 5.00 4.75 4.88 4.85 
VI (Strongly 
overheated) 7.60 4.60 9.24 4.25 9.34 4.50 9.54 4.80 9.05 5.00 
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in the absence of bacterial growth and at a pH 4.0-5.0, the viscos- 
ity decrease of untreated and normally treated flours is small, but 
that the tremendous increase in the viscosity of the overheated 
flour is not obtained. The tremendous importance of bacteria in 
an incubating suspension is hereby emphasized, particularly when 
dealing with heated flours; in all work it is essential to know 
exactly whether or not bacterial growth has taken place. 

With the lactic acid (pH 1.0) suspensions, the original viscos- 
ities were very much higher than previously and there was in gen- 
eral a slight increase on incubation. The viscosity of the strongly 
overheated flour was enormous throughout. In this case a different 
set of phenomena are being dealt with (namely the “acid” swelling) 
but again the decrease on incubation is not large when the growth 
of bacteria is prevented. It appears, therefore, that the effect of 
heat in the first place is to increase the imbibitional power of the 
proteins of flour; very severe heat treatment causes a more radical 
change to take place with the result that a slow but remarkably 
great power of swelling is obtained on incubation. This effect 
seems to depend, in some way unknown, upon the development of 
bacteria or the acids produced thereby. Incubation of a flour sus- 
pension at 27° C. in the presence of bacteria serves as a convenient 
means of differentiating these strongly overheated flours from 
normal flours. 

Kent-Jones has suggested the method of incubation in aura- 
mine as suitable for the measurement of the proteolytic activity of 
flour, but the results of the present work intimate that this method 
does not give the enzymic activity of the flour, but it does give 
a very useful indication of the resistance of the proteins to the 
proteoclastic enzymes of the bacteria present. It will be seen later 
that the proteolytic activity of flour itself is of small magnitude. 
Little use has been found for Berliner and Ruter’s method of incu- 
bating in pH 3.0 lactic acid, as bacterial growth is not completely 
inhibited and the “acid swelling” of the proteins is encountered. 


Acidity Effects.—The importance of acidity in determining the 
physical properties of proteins has frequently been demonstrated. 
For example, Pauli (1922) and Loeb (1922) have discussed the 
viscosity of protein solutions in the presence of varying amounts 
of different acids. Sharp and Gortner (1923) investigated the 
effect of the addition of various amounts of normal acids on H-ion 
concentration and viscosity of flour suspensions. They obtained 
curves similar to those of Loeb with a maximum at about pH 3.0. 
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They state that at this pH the greatest imbibitional effect is pro- 
duced, regardless of the nature of the acid. 

It was thought to be of interest to investigate this point with 
the heated and overheated flours, in view of the results previously 
recorded. 

In the preliminary experiments, the method of Sharp and 
Gortner was used, namely the preparation of a water suspension 
and the addition successively of small quantities of the acid; using 
30 per cent suspensions and syrupy lactic acid, the results were 
satisfactory while the acid additions were small (up to about pH 
3.0). In the attempts to work with greater acidity the additions 
were so large that a dilution effect was apparent. Sharp and Gort- 
ner were satisfied that there was no dilution error in their deter- 
minations, but it is to be noted that they did not go, in the case of 
lactic acid, beyond pH 3.0. In view of the abnormalities already 
noticed, it was necessary in the present case to go beyond that 
point as far as practically possible. A more satisfactory procedure 
was to make each suspension individually. Thus a series of acid 
solutions was prepared, e.g. approximately, N/400, N/200, N/80, 
N/40, N/20, N/4, N/2, N/1, 3N/1, 4.5N/1 in the case of lactic acid. 
Twenty grams of the flour was weighed out and made into a sus- 
pension with 100 cc. of the first of these solutions; it was allowed 
to stand for fifteen minutes and then its relative viscosity and pH 
were determined. A fresh 20 g. of flour was then used with the next 
acid solution and the observations repeated and so on through the 
whole series of acid solutions. The series was varied with the 
stronger acids so as to cover approximately the same pH range. 
The method was tedious, but it ensured each suspension having 
nearly similar treatment and obviated any dilution errors. 

These viscosity and pH data were obtained with a number of 
acids; e.g. lactic, hydrochloric, sulfuric, nitric and acetic, and a 
number of interesting facts age apparent. The curves for hydro- 
chloric, sulfuric and nitric acids are normal in that they show a 
peak at approximately pH 3.0; the sulfuric acid curve is consid- 
erably lower than the hydrochloric or nitric acid curves. It is of 
importance to observe that in two of these cases the curve for 
the strongly overheated flour is distinctly lower than the others; 
in the sulfuric acid, there is little difference. 

The lactic and acetic acid curves did not show a maximum 
point ; at a pH slightly lower than 3.0 there is a tendency to change 
direction, but it is not maintained and at lower pH the curve goes 
upward again as far as it is possible to make observations. Loeb 
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found a similar phenomenon with gelatin acetate when investi- 
gating the relationship of swelling to pH; his curve did not show 
the usual maximum, and he suggested that the high concentration 
of undissociated acid causes a secondary modification of the gela- 
tin. This is quite possibly true in the case of both acetic acid and 
of lactic acid. The behaviour of the strongly overheated flour is 
striking; between pH 4.5 and 2.0 the viscosity is very much less 
than that of the untreated or normally heated flours, but at about 
pH 1.7 the curve rises very abruptly. This curve is markedly dif- 
ferent in character from the other curves and probably is dependent 
on a very drastic change in the colloidal or physico-chemical prop- 
erties of the heated proteins. It is of significance that this sec- 
ondary effect is of very different value in the untreated and 
strongly heated flours. 

All the data obtained are not reproduced, but Tables III and 
IV show the typical results in lactic and hydrochloric acids. Graph- 
ical representations are given in Figs. 3 and 4. 


TABLE III 


ReLaTionsuip oF Viscosiry or 20% Frovur Susrensions ro tHe pH or THAT SusPENSION 
IN THE Presence or Lactic Acip 

















Approx: Flour I Flour IIT Flour VI 
Acid Soln. pH Viscosity pH Viscosity ‘pH _ Viscosity 
Water 6.20 2.31 6.25 2.40 6.10 2.46 
N/400 5.40 2.43 5.25 2.44 5.15 2.64 
N/200 4.65 2.51 4.55 2.59 4.55 2.71 
N/80 3.90 5.87 3.85 5.30 3.80 3.10 
N/40 3.30 7.63 3.30 7.15 8.30 3.52 
N/20 3.10 5.27 3.05 8.80 3.05 4.06 
N/4 2.25 9.04 2.30 8.61 2.30 6.40 
N/2 2.05 8.79 2.00 9.00 2.00 7.00 
N/1 1.70 8.92 1.70 9.40 1.85 7.53 
2N/1 1.55 10.44 1.55 11.36 1.55 12.60 
3N/1 1.45 16.20 1.50 17.60 1.45 17.60 
4.5N/1 1.33 23.00 1.35 25.00 1.30 105.00 





TABLE IV 


ReELaTiIoNsHip oF Viscosiry or 20% Frour Susrensions ro THE pH oF THAT SUSPENSION 
IN THE Presence OF Hyprocuioric Acip 























Approx: Flour I Flour III Flour VI 
Acid Soln. pH Viscosity pH Viscosity = Viscosity 
Water 6.20 2.31 6.25 2.40 6.10 2.46 
N/1600 5.90 2.36 5.90 2.40 5.90 2.56 
N/800 5.70 2.45 5.70 2.50 5.70 2.65 
N/300 4.90 2.40 4.90 2.51 4.90 2.81 
N/160 4.15 3.33 4.15 3.30 4.15 3.00 
N/110 3.60 6.00 3.60 5.45 3.60 3.08 
N/80 3.05 8.20 83.05 7.22 3.05 3.75 
N/55 2.45 6.82 2.45 7.29 2.45 4.06 
N/40 2.05 5.60 2.05 5.68 2.05 3.78 
N/20 1.55 3.05 1.60 3.20 1.60 3.38 


3 
N/5 0.80 2.51 0.80 2.45 0.80 2.85 
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It is shown, therefore, that severe heat-treatment of flour pro- 
duces an important physical or physico-chemical change in the pro- 
teins, which is markedly manifested in the nature of the viscosity- 
acidity curves. 


Dough Acidity Changes During Fermentation.— Much work 
has been done on the H-ion concentration of flours since Jessen- 
Hansen (1911) published his important contribution to this sub- 
ject. Generally speaking, opinion is divided as to the importance 
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of acidity in fermentation. In addition to Jessen-Hansen, Cohn 
and Henderson (1918) and Dunlap (1922) contend that the pH of 
flour and dough is a determjning factor in bread quality, whereas 
Bailey (1925) is of the opinion that any effect of increased acidity 
is due to the acceleration of the enzymes. 

Recently the subject has been re-investigated by Fisher and 
Halton (1929a), who have criticized the work of Jessen-Hansen 
in that the margin of error in his technique was large and that he 
only used one system of fermentation, instead of varying his 
length of fermentation to suit each individual flour. Fisher and 
Halton followed the pH changes in doughs throughout fermenta- 
tion and they found only a small change in the pH, even though 
the fermentation was carried to the limit when the loaf was 
ruined. 
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The author has confirmed that the pH changes of the dough 
during fermentation are of small magnitude; such changes during 
a four hours system being in the region of 0.1 to 0.2 pH. Properly 
fermented doughs in the author’s laboratory do not reach pH 5.0 at 
any time, a typical figure for a dough entering the oven being 5.85 
pH. It is seen from Fig. 3, therefore, that changes in pH of the 
dough can have no significant effects on the protein properties dur- 
ing the process of bread making. 

It should be noted that these determinations were made using 
the quinhydrone method and platinum electrodes. Halton & Fisher 
(1928) found a drift of the pH to the acid side if platinum elec- 
trodes were used; the author confirmed this drift in many cases 
but not consistently and in any case the value of the drift obtained 
in two hours was only 0.1 to 0.2 pH, so that any error during the 
making of an observation (about two minutes) cannot affect the 
results appreciably. 


Protein Solubility—The various protein fractions generally 
recognized in flour were estimated in the samples under investiga- 
tion in this study, as well as in many other commercial flours. 
These are: 

(a) Proteins soluble in 5% potassium sulphate solution. 
(b) Alcohol soluble proteins, usually called “Gliadin.” 
(c) Glutenin. 


The first two were determined by the successive method of 
Sharp and Gortner (1923), bearing in mind the observations made 
thereon by Kent-Jones (1926). The glutenins were estimated by a 
number of methods, viz., those of Blish and Sandstedt (1925a), 
Blish, Abott and Platenius (1927) and Grewe and Bailey (1927). 
Results are given in Tables V and VI. 

In the first place it must be noted that the sum of the three 
fractions does not equal the total protein determined directly on 
the flour; the sum is usually lower than the total protein in good 
grade flours but vice versa in lower grade flours. The agreement 
between various glutenin methods is fairly satisfactory. In all 
cases it is found that severe heating causes a distinct diminution in 
the solubilities of the proteins, again indicating a definite physical 
change having taken place. 

Gortner, Hoffman and Sinclair (1929) in a recent paper have 
studied the solubility effects of various salt solutions. They have 
shown very clearly that different amounts of protein are extracted 
by different solutions, that is, that the salts have varying peptizing 
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powers on the flour proteins. It seemed to the author that if a salt 
be used with a higher peptizing power for the preliminary extrac- 
tion then the subsequent alcohol extraction would be lower and 
the quantitative distinction between non-giuten proteins and gluten 
proteins would vanish. 


TABLE V 


Prorein DistrisutTion ON A Series oF Frovurs, tHE Gtutentn Beinc DerermMInep 
BY THE Mernuop or Buiisn & Sanpstept (CALCULATED TO 
15% Morsture Basis) 














Flour Aleohol Glutenin Sum. Total Difference 
5% KeSOs Soluble N x 5.7 
Soluble ‘‘Gliadin’’ 
% % % % % %o 
I. 1.22 4.11 3.82 9.15 10.00 — 0.85 
II. 1.20 4.10 3.81 9.11 9.96 — 0.85 
ITI. 1.22 4.10 3.88 9.20 9.96 — 0.76 
IV. 1.20 4.15 3.90 9.25 9.90 — 0.65 
V. 1.25 4.08 3.80 9.05 9.96 -—0.91 
VI. 0.68 2.32 2.61 5.61 9.90 — 4.29 
Australian 1.52 4.59 4.62 10.73 11.05 — 0.32 
No. 6 Manitoba 1.65 5.16 4.68 11.49 11.06 0.43 
English Patents 1.31 4.31 3.23 8.85 9.16 - 0.31 
**A’’ Machine 1.28 4.53 4.56 10.37 10.49 - 0.12 
‘*J°’ Machine 2.19 4.85 5.50 12.54 11.93 0.61 
IVth Break 2.60 6.35 7.30 16.25 15.96 0.29 
A. 277 1.20 4.42 4.21 9.83 10.29 — 0.46 
A. 278 1.57 4.79 4.77 11.13 10.60 0.53 
©. 474 1.42 3.80 4.03 9.25 9.59 — 0.54 
C. 475 1.60 3.92 4.42 9.94 10.08 —0.14 
TABLE VI 


GLuTENIN ON Various Frours sy Dirrerenr Meyuovs or Direcr Estimation 
(Carcuraten 1 Tro 15% Moisrv nb Basis) 

















Flour Blish & Blish, Abbott Grewe end ‘Bailey 

Sandstedt & Platenius I II Range 
I. 3.82 3.97 4.09 3.99 0.27 
IT. 3.81 3.80 4.40 4.26 0.60 
Til. 3.88 3.79 4.12 4.16 0.37 
IV. 3.90 3.80 4.15 4.13 0.33 
V. 3.80 3.80 4.40 4.02 0.60 
VI. 2.61 6.63 6.95 6.91 eee 
No. 6 Manitoba 4.68 ¢ 5.07 4.45 4.53 0.62 
Eng. Patents 3.23 3.45 3.09 3.24 0.36 
A. 277 4.21 3.87 4.04 one 0.34 
A. 278 4.77 4.34 4.50 4.59 0.43 
©. 474 4.03 4.14 3.58 3.47 0.67 
Cc 


. 475 4.42 4.03 3.82 3.78 0.64 





To test this point two flours, namely Manitoba and English, 
were extracted by different salt solutions, each followed in the 
usual way by a 70% alcohol extraction. These figures, for potas- 
sium sulphate, calcium chloride and potassium iodide solutions, 
together with the total salt and alcohol extracts are given in 


Table VII. 
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TABLE VII 


Tue Sorusitiry or Frour Proteins 1x Dirterent Satt SoLuTions AND THE EFFECT 


ON THE SuBSEQUENT ALCOHOLIC ExTRACIION 











5% CaCle Alcoholic Total 5% KI Alcoholic Total 
Extract Extract Extract Extract 


Total 


Extract 


after KeSOu 
%o 


Alcoholic 


Extract 


5% KeSOs 


Flour 


after KI 
% 


%o 


4.24 


after CaCle 
Te %o 


% 


% 





6.99 


2.75 


-20 
3.07 


5.16 6.81 
5.88 


4.58 


1.65 
1.30 


Manitoba 
English 


6.37 


2.77 


3.60 


6.28 
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It is seen from Table VII that the more 
protein the salt solution extracts, the less 
the subsequent alcoholic solution will ex- 
tract. The total of protein soluble in salt 
solution plus protein subsequently soluble 
in 70 per cent alcohol is approximately con- 
stant for each of the flours studied. This 
confirms the very important aspect of Gort- 
ner, Hoffman and Sinclair’s work that the 
and different salts have varying powers of 
peptizing flour proteins. The “solutions” of 
flour proteins are therefore, not true solu- 
tions of chemical entities, but colloidal sols, 
whose composition will vary according to 
external influences. The overlapping of 
solubilities between the potassium sulphate 
fraction and the gliadin fraction is carried a 
stage further, in that the amount of “glia- 
din” extractable will depend on the previous 
treatment of the flour proteins. The chem- 
ical individuality of what is normally termed 
gliadin is, therefore, challenged. Gortner, 
Hoffman and Sinclair contend that different 
flours vary in the ease with which their pro- 
teins are peptized; this is apparently so 
with some of the proteins, e.g. those soluble 
in alcohol, but it is not necessarily so with 
the ‘glutenin, It has been seen that the 
various methods for the estimation of glu- 
tenin agree moderately well, even using 
different dispersing agents [NaOH and 
Ba(OH )e], and, while it may be so, it has 
not yet been shown that the fraction known 
usually as “glutenin” is as ill-defined chemi- 
cally as is “gliadin.” 

Kent-Jones (1926) found in the flours ex- 
amined by him that the stronger the flour 
the lower the proportion of potassium sul- 
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phate-soluble protein to the total protein and as Gortner, Hoffman 
and Sinclair (1929) intimate that the proteins of different flours 
are peptized to different degrees by a salt solution, it is probable 
that this peptizing effect depends on the physical or colloidal con- 
ditions of these proteins, which would account for Kent-Jones’s 
observation on his own theory that the proteins of stronger flours 
are more coagulated, or in a state of greater aggregation, than 
are those of weaker flours. Heat treatment will alter the state of 
aggregation of the proteins and thus increase the resistance to any 
peptizing action. The more severe the heat treatment, the greater 
the increase in resistance, resulting in an apparently decreased 
solubility. 





The use of ultra-violet radiation in detecting heat-treated 
flours.— The first use to be made of the short ultra-violet radia- 
tions and their effect on heat treated flour, as far as the author is 
aware, was by Berliner and Rutter (1928a), who observed that flour, 
after strong heating, shone up light blue when placed between 
other untreated or only lightly treated flours. Kent-Jones (1928) 
suggested that this peculiar luminescence might be due to the 
granular nature of the heated flour rather than to a’specific change 
in its properties. Tausz and Rumm (1928) also made a number of 
interesting observations on the appearance of flours and wheats 
under the ultra-violet light, and later Berliner and Riiter (1929) 
extended their investigations on this subject and found that gen- 
erally the luminescence of flours depended directly on the degree 
of coagulation of the albumin of the flour. 

The author examined a large number of mill stocks under the | 
ultra-violet radiations, including the six flours chosen for these 
investigations. It was found that there are two factors present: 





(a) the intensity of the fluorescence, that is, the brightness 
of the fluorescent ight. 






(b) the blueness, or colour of that fluorescence. 





It was apparent that the first of these increases with increas- 





ing granularity of the stock, being most prominent in the coarse 





semolina. The strongly overheated flours show a greater bright- 





ness than the untreated flour, being about similar to the middlings 





stock from this mill, but at the same time the color of the fluo- 





rescence is of a decidedly lighter blue, which difference is not seen 





so much in the granular but unheated stocks. This difference in 





colour is presumably the one observed by Berliner and Ritter and 






the brightness or glistening effect is the one referred to by Kent- 
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Jones. The decrease in color may be associated with the coagula- 
tion of the proteins, because, although the coarse semolina stock 
appeared to be slightly less blue than the straight run, this was 
not nearly so marked as with the strongly heated flour. 

The difference in the appearance of the untreated and strongly 
heated samples did not seem to be sufficient to warrant the expecta- 
tion of detecting an admixture, and this proved to be the case, 
even when the overheated flour was mixed in a proportion larger 
than those used commercially. Neither was the difference be- 
tween untreated and correctly heated flours sufficient for the 
detection of the heat treatment. Ultra-violet radiations are, there- 
fore, not sensitive enough to detect the normal heat treatment of 
commercial flours. Neither could other cereal or seed contamina- 
tion be detected. 


The importance of moisture on the effects of heat on the 
proteins in flour.—Kent-Jones in his original thesis pointed out 
that the effects of heating either wheat or flour were dependent on 
the moisture content of that stock; the greater the moisture con- 
tent, the greater the changes in properties effected by a definite 
heating process. Berliner and Ruiter in their criticism of the orig- 
inal work again emphasize the great importance of the moisture 
and report an experiment in which they extracted the moisture 
from a flour down to four per cent in an evacuated desiccator over 
calcium chloride as a drying material at a mercury pressure of 110 
mms. The gluten was completely unaltered. When this flour was 
heated in an open vessel in the drying oven at 100° C, it bore a one 
hour’s heating without any damage to the gluten. Another flour 
which had previously been dried in a vacuum at room temperature 
bore a fifteen hours’ heating in an open vessel in the drying oven 
at 80° C. without any damage to the gluten. They maintain that 
under these conditions even a washed-out gluten does not become 
irreversibly coagulated in one hour at 100° C. 

An investigation was, therefore, commenced on the effects of 
heat upon a previously dried flour. A quantity of the original flour 
I was placed in open trays in an incubator, maintained at a tem- 
perature of 30° C., with provision for the escape of moisture vapour. 
It was kept thus until the moisture content was in the region of 
4.5 per cent when it was removed and stored in stoppered bottles. 

This dried flour was then used as the basis for the preparation 
of heat treated flours, in the same way as the original flours II to 
VI had been prepared; a preliminary test indicated that after 
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eleven hours at 180° F., the gluten could still be washed out, so that 
the time of heating was lengthened. Samples of the dried flour 
were heated for 11, 22, 46 and 112 hrs. at 180° F. Gluten could be 
washed out of all, except that which had been heated for 112 hours. 
The flours thus obtained were examined with the object of detect- 
ing critical changes which had taken place. From the present work, 
it appears that the general criteria of changes effected by heat may 
be taken as: 


(a) alteration in viscosity-acidity curves, e.g., lactic acid is 
typical. ' 
(b) reduction of solubility of proteins. 

The viscosity-acidity curves in lactic acid were obtained for 
these flours; they are not reproduced, but it was found that only 
after 112 hours’ heating did the curve show any of the typical 
characteristics of that of the overheated flour. 

It was found that even after the 112 hours’ heating the viscos- 
ity curve had not assumed completely the nature of that of flour 
No. VI. There was undoubtedly a tendency that way, but the 
ascending portion of the curve was less steep than that of flour 
No. VI. If this can be taken as an indication of the change to the 
proteins, then it would appear that 112 hours’ of heating the flour 
in a more or less dry state has modified the properties, but that the 
change is not as great as in ten hours’ heating in the presence of 
the natural moisture. 

The protein solubility in 70% ethyl alcohol at 20°C. was 
determined on these flours and the figures are given in Table VIII, 
the protein percentages being calculated onto the dry flour basis. 


TABLE VIII 


Percentaces OF Prorein So_vusre 1n 70% Atconor rrom Frours Heatep For VAriovus 
Times iN THE Presence OF Onty Smartt Amounts oF Moisture 
(CaLcuLATED TO pRyY Basis) 








Time of Heating 





Alcoho 
0 hours 468 2 Sipe 
11 hours at 180° F. 4.71 
22 hours at 180° F. 4.70 
46 hours at 180° F. 4.65 


112 hours at 180° F. 4.59 





Heating in the absence of moisture causes a much smaller 
effect on the solubility of proteins than a corresponding treatment 
in the presence of the natural moisture content of the flour. There 
is, however, evidence that after 112 hours at 180° F. the solubility 





























January, 1931 Cc. W. HERD 19 


of the proteins in 70% ethyl alcohol is slightly reduced, but that 
this effect is much smaller than observed after heating normal 
flour for 10 hours at 180° F. This suggests, in agreement with the 
viscosity observations, that the effects of heat on the proteins of 
this 112 hours flour have not been so marked as in the case of flour 
No. VI in the earlier part of this paper. 

The effectiveness of these flours as “improvers” increased as 
the heating was continued, but, finally was not quite so good as 
original flour No. VI. The parallelism between “improving” action 
and the protein changes naturally suggests that the two pheno- 
mena are connected. 

In the presence of this small amount of moisture, the author 
finds in opposition to Berliner and Rutter that the proteins of flour 
can be coagulated and the same effects produced but that the speed 
of this physical change is very much diminished. 


Discussion 
A study has been made on the effects of heat on the proteins 
of wheaten flour. The heating of flour to improve its baking qual- 
ity is now being used commercially in many English and Euro- 
pean mills with very satisfactory results. The “improving” effect 
can be accomplished in one of two ways: 


(i) a relatively large proportion of the flour is heated, or 
(ii) a very small percentage is heated to a severe degree 
and then mixed back at the rate of 0.7 to 10%. 


According to the results of this investigation the heating of 
the whole of the flour to give it a maximum baking quality causes 
a small but definite change in the imbibitional powers of the pro- 
teins, without any startling changes in solubilities or physical 
properties. 

The severe heating required to produce the “improver” men- 
tioned in (ii) above causes very marked changes in imbibitional 
and physical properties of the proteins. Incubation experiments in 
the presence of bacterial development show an enormous increase 
in the viscosity of the overheated flour suspension, such an increase 
being greater than that for any acid studied at a corresponding pH. 
If the growth of bacteria is inhibited, then this remarkable increase 
in viscosity does not occur. Bacteria or the acids produced by them, 
do, therefore, play an important part in the viscosity changes of 
a flour suspension during incubation. The possibility of any role 
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during the comparatively short fermentation period must be left 
to bacteriologists for an answer. 

These protein changes are accelerated by the presence of 
moisture in the flour; flour has not been obtained absolutely dry, 
so it cannot be stated what would be the effect of heat in the com- 
plete absence of moisture. At about 4% water content, however, 
the same changes in the proteins can be produced so long as the 
time of heating is sufficiently prolonged. 

The changes in the proteins are of fundamental importance and 
it is on these that the improvement in strength of the flour is based. 
This modification of the proteins of a flour, heated to give maxi- 
mum baking strength, increases the imbibitional power and thus 
has a direct effect on the gluten fibrils of the dough structure. 
In addition, it is suggested that the resistance to proteolytic at- 
tack is somewhat increased. This change is probably due to an 
increase in degree of the aggregation of the protein particles. The 
exact phenomenon is not clear; Kent-Jones believes that the two 
stages of denaturation and flocculation occur in most samples, but 
that in some cases the protein is denatured by heat and the floccula- 
tion is only brought about by the acids produced during fermenta- 
tion. Lewis (1926) has affirmed that the water of hydration of 
proteins plays a definite role in their denaturation, and Jordan 
Lloyd (1926) states: 


“The change involved in denaturation seems to be a 
structural alteration in the protein molecule, but not an 
actual degradation. This change is accompanied by a com- 
plete loss of the power of swelling by Jnbibition of water.” 


It is doubtful, therefore, if the changes involved in flour heat- 
ing are strictly a denaturation, but all the evidence does lend itself 
to a theory of physical alteration, involving an increase in the imbi- 
bitional power. The process is a gradual one and can be carried to 
various stages, according to the conditions and severity of the 
heating. The amount of moisture in the flour, is, probably, the 
main factor determining the extent of this protein modification, 
under a given time and temperature. 


Summary 


Kent-Jones’ viscosity curves in 1: 10,000 auramine are con- 
firmed, but it is shown that bacterial development and increase in 
acidity take place, and, therefore, no measurement is afforded of 
the proteolytic activity of the flour itself. Viscosity changes, how- 
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ever, may give a measurement of the resistance of the proteins to 
proteolytic attack. 

Incubation in pH 3.0 lactic acid did not completely inhibit 
bacterial growth; the viscosity curves are very different from-those 
in water. 

Incubation in the presence of one per cent ammonium fluoride 
solution gave apparently no bacterial growth; the viscosity 
decrease in the untreated flour was less and the viscosity increase 
in the strongly heated flour was also less. 

Viscosity-acidity curves show interesting differences in the 
unheated and the strongly overheated flours, giving evidence of 
marked physical changes in the flour proteins. 

Many of the well known bactericidal substances were found 
to be insufficient for inhibiting the growth of bacteria in flour- 
water suspensions. ; | 

Various methods for the estimation of glutenin gave fairly 
good agreement between one another. 

The sum of the three fractions of proteins by recognized meth- 
ods of analysis did not agree in many cases with the total protein 
figure determined directly on the flour; in good grade flours the 
sum is usually lower than the total, whereas in the lower grade 
flours the sum is frequently higher than the total. 

Different salts have different peptizing effects on some of the 
flour proteins ; a subsequent alcohol extraction will vary according 
to the preliminary salt treatment, indicating that the so-called 
“gliadin” is not a characteristic entity. 

The solubility of all proteins in their respective solvents is 
diminished by severe heating, indicating increased resistance to 
peptization. 

Ultra-violet radiations do not apparently fulfil any useful pur- 
pose in cereal analysis. 

If a large proportion of the natural moisture of a flour be 
removed at a low temperature and then the heating performed, 
the effects on the flour proteins will be produced but at a very 
much slower rate. 
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THE STABILITY OF LEAVENING IN SELF-RISING FLOUR 


Paut LoGue and EvizasnetH MckKIM 


Provident Chemical Works, St. Louis, Mo. 


(Read at the Convention, May, 1930) 


Self-rising flour now constitutes approximately 10% of the 
country’s flour consumption (See Fig. 1). According to LeClere 
and Bailey (1929) it amounts to 21.7% of the flour consumed by 
the housewife. The production of self-rising flour, practically all 
of which is consumed in the United States, has increased for the 
past five years at a cumulative rate 
“og SOO, 3.29% annually. (See Fig. 2.) 
I a j  Pewcton Contrasted with this the total flour 
consumption during the same pe- 
riod has increased at the rate of 
1.55% annually, a value lower than 
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the total per capita flour consump- 
i} | tion of the United States is declin- 
ing, the use of self-rising flour is 
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| | increasing at a rate double that of 
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ti} td the population increase of the 
7 | country. 

a The 1927 Census of Manufactur- 
° 4B J ers gives the baking powder pro- 
aves sear 1926 1929 « 


Pig. 1. Relation of Self-Rising Flour to duced in the United States as -155,- 
pop tivtanare ni leaeeetadin 941,240 Ibs. In the same year the 
leavening ingredients in self-rising 

flour calculated to a 14% baking powder would have amounted to 
107,500,000 Ibs. or 68.9% of the quantity manufactured as baking 
powder straight. A survey of these figures indicates that self- 


Data of LeClere & Bailey and Pope 


rising flour is of considerable economic importance to the nation 
and of more than passing interest to flour millers and cereal 
chemists. 

The question is raised, however, whether the leavening in- 
gredients in self-rising flour actually retain their gas-evolving 
power through the normal period elapsing between the produc- 
tion and consumption of the flour. This question is based on the 
fact that flour normally contains more moisture than the starch 
commonly used as a filler in baking powder and that self-rising 
flour is not usually packed in moisture-resisting packages such as 
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cans used for baking powder. A self-rising flour having 10% mois- 
ture, for example, will contain 7.03 lbs. water per pound of soda, 
which would at first glance be enough to cause complete decompo- 

sition of all leavening agents 
































‘T = > contained. On the other hand 
a ° 
£ a a 14% (i.e., 14% COez) phos- 
| en See a phate baking powder filled 
é+ ; with starch containing 7% 
ez J —_ moisture has only 0.104 Ibs. 
oe | water per pound of soda. The 
case against self-rising flour is 
| a L — me ™ wal Anoual I, 
| 329% not so unfavorable, however, 
| as a comparison of these fig- 
| 
 —— So See” lie - 
~~ ~ oo ~ » ures would indicate. Account 
Fig. 2. Trend of U. 8. Self-Rising must be taken of the relative : 


Flour Production. 


eee ee concentrations of the reacting 


constituents in each mixture 

and the magnitude of the attractive force with which the water 
is held. 

Experimental 

To determine the stability of leavening in self-rising flour, 

flours were selected having 

moisture contents of 11.32%, 

12.43%, 13.22% and 14.02% 


respectively, and were made 


a i —— eee Pies 


pee 





into self-rising flour accord- 





ing to the usual formula: 

' 100.00 g. flour, 1.50 g. soda, 

peers 1.75 g. phosphate, and 2.00 

te g. salt. The samples in 
Pr 


coon Ge ; duplicate were stored in tin 


a drere,s3 22% 

















































| ~ cans having the cover-joints 

on a. | sealed with adhesive type to 

| | | | | maintain the moisture con- 

| | verr"™ tent as nearly uniform as 
or —— 7 1 a 4 = 1 pms al 

|| L. | possible. The samples were 

I EE PS. LITT =~ tested periodically over a 

Fig. 3. Soda Deterioration in Stored S. R. F. of year with the result shown 

Varying Moisture Content. in Table :. 
Discussion 


It will be seen that the available soda (Fig. 3) as measured 
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TABLE I m 
Errect or Dirrerenr Morsture Contents 1x Srorep Serr-Risinc Frovur on 
DerertoraATiON oF LEAvVENING AND ON pH, LicuTness AND VoLUME 
A. Flour Moisture 11.32% 
Time Soda % pH Lightness! Volume? 
Weeks 
0 1.55 7.1 14.40 29.00 
1 1.43 7.05 15.05 29.70 
2 1.37 7.05 14.43 29.30 
3 1.30 7.1 14.72 29.85 
5 1.28 7.1 15.10 30.15 
7 1.30 7.05 15.50 31.00 
11 1.32 7.1 15.30 30.68 
20 1.28 7.1 15.25 30.45 
34 1.28 7.0 14.50 29.45 
53 1.22 7.0 14.23 28.65 
B. Flour Moisture 12.43% 
0 1.55 7.1 14.50 29.48 
1 1.37 7.1 14.50 29.05 
2 1.34 7.05 15.17 80.15 
3 1.28 7.1 14.60 29.70 
5 1.28 7.1 14.84 29.70 
7 1.28 7.05 15.90 31.68 
11 1.28 7.05 15.74 31.28 
20 1.28 7.05 15.30 30.90 
34 1.30 7.05 15.00 29.85 
53 1.3 3.3 14.10 28.40 
C. Flour Moisture 13.22% 
0 1.56 7.1 14.78 30.00 
1 1.41 7.2 15.40 30.40 
2 1,39 7.15 15.00 30.15 
3 1.26 73 14.53 29.58 
5 1.26 7.25 14.60 30.15 
7 1.28 7.25 15.12 30.70 
11 1.26 7.3 15.74 31.40 
20 1.26 7.35 15.72 30.55 
34 1.20 7.5 13.95 27.95 
53 1.11 7.5 13.28 26.60 
D. Flour Moisture 14.02% 
0 1.51 7.1 15.09 30.55 
1.39 7.1 15,40 30.28 
2 1.30 7.15 14.78 29.70 
3 1.20 7.2 14.94 30.00 
5 1.20 7.3 14.22 29.58 
7 1.16 7.3 15.38 81.00 
11 1.14 7.35 14.90 30.00 
20 1.14 7.4 15.46 30.15 
34 1.07 7.6 14.62 29.20 
53 0.96 7.6 13.17 26.30 
1 Lightness — Specific volume * 15 
Specitic vol. of Standard 
2 Volume = Biscuit vol. in ce./grams of dough X 30 





Vol. of standard biscuit in ec./grams of dough 


by the gravimetric determination of COz evolved, decreased rap- 
idly at first and then more slowly as time elapsed. This did not 
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seem to have a commensurate influence on the lightness and vol- 
ume (Fig. 4) of the biscuit produced, however, since these showed 
in every case a tendency to improve at some portion of the storage 
period. The explanation of this is believed to lie in the fact that 
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these flours were quite 








fresh at the beginning of 



















































= the test and ageing im- 
JL oh > proved the baking quality 
| a of the flour itself, thus 
J | more than offsetting the 
ao | effect of the loss of leav- 
i | ae oe | ening strength. 
s* | | Nome The rise in pH, noted , 
ae | Gite. especially in the case of 
——F + t . flours with higher mois- 
| | | ture content is believed to 
al | | om be due-to the character of 
oe » ____ | the reaction which takes 
” atl itn atilals 7 place under the conditions 
Fig. 4. Changes in Lightness, Volume and Soda Of premature action in 


Content of S. R. F. in Storage. 


Mono-Calcium Phosphate and sodium bicarbonate react in accord- 
ance with one or more of the following reactions: 


TABLE II 


Tue Reaction or Mono-Catcitum Puosenate anno Sopium BicarBponart 













self-rising flour (Fig. 5). 

























A. CaHs«P20s + 2NaHCO: = CaHPO« + NasHPOs. + COe + 2H20 

B. 3CaHsP20s + 4NaHCOs = CasP20s + 4NaHePO, + 4002 + 4H2O 

©. 838CaHs«P20s + 8NaHCOs = CasP20s +4Na2HPO. + 8COe + 8H2O 
Obes T 


Sede Decompeosed, in To 




























The reactions indicated 
by these equations are 
subject to the variables: 
temperature, concentra- 
tion, and relative propor- 
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Fig. 5. 








Effect of Premature Reaction 
on pH 


of Biscuit. 







tions of reactants. Low 
temperature favors <A; 

excess alkali favors C. 
| High temperature favors 

| | Band C. 
From the above equa- 
= tions it is seen that one 
| mol CaH,yPeOxg reacts with 
fe the following mols — of 

of Soda NaHCO; : 
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TABLE III 


Mors or Sopium Bicarsonate Reactrinc with One Mot or Mono-Catcium 
PHOSPHATE 





Mols. NaHCO: per mol. CaHsP208 














Equation 
A 2.00 
B 1.33 


Cc 2.67 





When mono-calcium phosphate is titrated with NaOH in the 
cold, a value is obtained which indicates that 100 parts commercial 
mono-calcium phosphate will neutralize about 72° parts sodium 
bicarbonate. Calculating the CaH,yP2Ox, content of M. C. P. from 
the soluble P2O; (52.2/.607) we find that commercial mono-calcium 
phosphate is about 86% CaH4P2Os. On the above basis, then, 86 
parts CaH,4P2,O, neutralized 72 parts sodium bicarbonate. From 
these figures we may calculate: 


72 NaHCOs 4 234 Call, P.O, 
86 CaHyPeOs & 84 NaHCOs 


2.33 mols NaHCO; 





per mol CaH,P2Oxs in the cold. This value indicates that equation 
A and/or B are involved together with C in this reaction. If, on 
the other hand, the reaction mass is heated to boiling, more alkali 
may be added. The phosphate then shows a neutralizing value of 
around 78 and by a calculation similar to that above we learn that 
an equivalent of 2.53 mols NaHCO s per mol CaH4P2Ox is used. 
soiling apparently increases the reaction according to equation C 
at the expense of the earlier reactions according to A or B. If 
alkali is added slowly in titrating mono calcium phosphate not as 
much will be taken up as when it is added rapidly. This must be 
analogous to what happens in the premature decomposition of 
leavening in self-rising flour. The phosphate is used up before 
all the soda has reacted leaving a residue of sodium bicarbonate 
to be decomposed in the oven to the sesqui-carbonate which ren- 
ders the final product alkaline. 


Conclusion 


1. The consumption of self-rising flour in the United States is 
increasing more rapidly than the consumption of plain flour. 

2. The rate of premature decomposition of self-rising flour var- 
ies directly as the moisture content. 

3. Self-rising flours containing less than 12.5% moisture are 


relatively stable. 
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4. Self-rising flours containing more than 12.5% moisture de- 
compose more rapidly and result in alkaline baked products, 
unless this premature decomposition is compensated for in in- 
creased acid leavening agent. 

5. An explanation of the increased alkalinity accompanying pre- 
mature decomposition is offered in the mechanism of the re- 
actions involved. 


Acknowledgment 


Grateful acknowledgment is made to Mr. V. E. Fisher of the 
Stanard-Tilton Milling Co., Alton, IIl., for the samples of flour of 
varying moisture contents used in the experimental work. 


Literature Cited 
Bureau of Census 
1927 U.S. Dept. of Commerce, Census of Manufacturers. 
LeClerc, J. A. and Bailey, L. H. ; 
1929. The cake industry in America. The Northwestern Miller and Amer- 
ican Baker 6: 346. 
Pope, Felix T. 
1930 Foodstuffs ‘round the world. Grain and grain products, U. S. De- 
partment of Commerce Bulletin. Feb. 7, 1930. 


THE MARCH OF ACIDITY IN STORED FLOUR. II 


M. C. Marktey and C. H. BaiLtey 
Division of Agricultural Biochemistry, University Farm, St. Paul, Minnesota 


(Received for publication May 15, 1930) 


In the first section of this study, reported by Fifield and Bailey 
(1929), particular attention was given to the relation between flour 
grade, temperature, and the rate of change in the acidity of flour 
as determined by the Greek and the tentative A. O. A. C. methods. 
This demonstrated that the rate of change in acidity was a function 
of flour grade and of temperature, particularly in the early period 
of storage. 

It then appeared desirable to check these earlier experiments, 
which involved only six samples of flour, through the use of a 
larger number of flours, in order to ascertain the relative con- 
sistency of the rate of change of acidity among flours of the same 
relative grade or degree of extraction. To this end the cooperation 
of the Committee of Flour Specifications of the American Asso- 
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ciation of Cereal Chemists was solicited, and members of the com- 
mittee—Miss Sullivan, Mr. Flohil, Mr. Olsen and Dr. Collatz— 
provided a total of 52 samples for this purpose. Among these were 
included unbleached straights, first clears, and second clears milled 
from hard red spring wheat, and unbleached first clears milled 





from durum wheats. 

The flours were sent to the laboratory directly from the mill 
where they were produced, in order that a minimum of time might 
elapse before the acidity of the freshly milled flour was determined. 
All these initial analyses were completed within a period of four 
days from the time the flours were produced in the mill, and in 
the majority of instances within two days or less. These chemical 
determinations are later referred to as “analyses of freshly-milled 
flour.” 

A portion of each sample was placed in a cotton sack as soon 
as received, and these sacks were in turn stored in air thermostats 
maintained at 25+.1° C. and at a relative humidity of 830+%. 

Chemical determinations on the freshly milled flours were con- 
fined to moisture, ash, H-ion concentration, acidity by the Greek 
method, and acidity by the A. O. A. C. tentative method. After 
the lapse of about 80 days of storage 35 of these samples were re- 
analyzed as before, except that the ash content was not redeter- 
mined. The resulting data are recorded in Table [ on the basis of the 
moisture content at the time of sampling. In these tables the acidity 
as determined by the A. O. A. C. tentative method, calculated as 
lactic acid in the conventional manner, and likewise as H»oSO, have 
both been recorded. The latter value was included to afford a 
more direct comparison with the results obtained by the Greek 
method, in which the acidity is also reported as H2SQ,. 

The details of these two acidity methods were included in the 
first paper and need not be repeated here. Suffice it to say that in 
the Greek method the flour was extracted with 85% alcohol over- 
night and an aliquot titrated with curcuma as an indicator. In the 
A. O. A. C. method the flour was extracted with water at 40°C. 
for one hour, and an aliquot of the extract titrated with phenolph- 
thalein as the indicator. 


Results of Analyses of Freshly Milled Flour 
The three grades of unbleached hard red spring wheat flour 
that were studied, namely, straights, first clears, and second clears, 
were readily distinguished by their ash content. In the instance of 


the straight grades the range in the percentage of ash was from 


























January, 1931 MARKLEY AND BAILEY 31 





0.42% to 0.53% ; in the instance of the first clears the range was 
0.64% to 0.88% ; while with the second clears the range was from 
1.03% to 2.09%. It is evident that there was no overlapping of ash 
content among the several grades. The durum first clears ranged 
between 1.01% and 1.80% of ash, thus resembling, in this char- 
acteristic at least, the spring wheat second clears. 

H-ion concentration, determined electrometrically, was highest 
in the instance of the straight grade flours and lowest in the in- 
stance of the second clears. This is the usual relationship between 
flour grade and H-ion concentration, the lower degree of acidity 
in the low grade flours being a consequence of their higher buf- 
fer value. 

Acidity as determined by the Greek method in the freshly 
milled flours increased progressively from the higher to the lower 
grades, but the differences in this regard were of smaller magni- 
tude than were observed in the instance of freshly milled flour 
when acidity was determined by the A. O. A. C. tentative method. 

The coefficient of correlation of acidity by the Greek method 
(g) and the ash content (a) was fgq = 60.06, while the correla- 
tion between ash content and acidity by the A. O. A. C. tentative 
method (w) Was req = 84.03 (Table IV). 

In the previous paper by Fifield and Bailey appeared the state- 
ment (p. 533) concerning the A. O. A. C. tentative method that 
“the determination really measures the capacity of flour to pro- 
duce acids as well as the initial concentration of acids before the 
extraction medium is applied.” This assumption receives support 
in the observations made upon these 52 samples of flour in a freshly 
milled state. Thus it will be observed by scanning the data in 
Table I that there is a relatively high correlation between the ash 
content as representing the degree of refinement of the flour (a) 
and the difference between the A. O. A. C. acidity (recorded as 
H».SO,) and the Greek acidity (w-g). To test this general state- 
ment the coefficient of correlation of these two indices was com- 
puted and found to be fracw-g, = .96+.01. (Table IV.) 

This difference in the results of determinations by the two 
acidity methods is attributed very largely to the biochemical pro- 
cesses which go forward during the extraction of flour with water 
at 40° C. While conceivably the acid-reacting substances extracted 
by the two solvents might be somewhat different, the probabilities 
are that the relative rate of formation of acid-reacting substances 
is at a much higher level in the lower grades than in the high 
grade flours; in fact these observations suggest that the difference 
































ACIDITY IN STORED FLOUR Vol. 8 
TABLE I 
Resutts or IniT1AL AND Seconp ANALysis OF Frours Srorep at 25° C., 
anp AverAGe Rate or CHANGE Per Day 1n Acuity 
First Analysis 
Greek A.0.A.C. Acidity A.0.A.C. H-Ion 
Moisture Ash Acidity As H2SOs As Lactic Acidity Minus Cone. as 
%o 0 % % Jo Greek Acidity 
Hard Spring Wheat—Straight Grade Flour 
10.62 0.50 0.047 0.074 0.136 0.027 
13.08 .48 O51 .076 .140 .025 
11. A7 044 O71 .130 027 
12 .46 .039 O72 131 .033 
12. 48 .043 .058 .106 .015 
11. 53 044 .057 105 .013 
12. AT 041 067 122 .026 
12. AT 047 056 102 .009 
12. 0.51 0.050 0.053 0.097 0.003 
Hard Spring Wheat—First Clear Flour 
12 0.77 0.054 0.114 0.209 0.060 
11 .74 054 119 .161 .065 
11 Pe oy 050 112 .206 .062 
11 .65 .049 .099 182 .050 
11 BB 050 .108 198 .058 
10. .79 .046 107 196 061 
11. .74 052 .107 197 .055 
12. 66 046 101 185 .055 1 
11. 17 049 083 — 152 034 
12 O85 0.049 0.101 0.186 0.052 
Hard Spring Wheat—Second Clear Flour 
12. 1.80 0.099 0.251 0.461 152 
11. 1.52 O76 .190 .349 114 
13. 1.23 .059 173 .317 114 
11 1.06 O47 144 264 097 
12 2.09 066 .220 .404 154 
11 1.52 052 .169 .310 mek 
11. 1.13 067 .160 .294 .093 
11 1.11 049 .140 257 O91 
10. 1.70 .056 172 315 116 
12 1.68 0.065 0.205 0.376 0.140 
Durum Wheat—First Clear Flour 
12233- 12 1.09 0.083 0.149 0.273 0.066 
12237 11. 1.67 ORR .242 444 154 
12251- 11. 1.06 047 108 .198 .061 
12255- 11 1.54 054 154 .283 .100 
12265- 10.68 1.80 .054 .187 543 .133 
12269- 13.10 1.03 0.049 0.113 0.208 0.064 
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Second Analysis 


Averace Rate or CHANGE Per Day in Activity 






Resucts oF IniT1AL AND Seconp ANAxysis oF FLours Storep ar 25° C., 
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Average Change per Day 

, - ~a w Ao AO nett cone as Acidity “Acidtig’ 

0 O y As cn As a pH (x 10-4) az HeSOx 

F (x 10-4) 

Hard Spring Wheat—Straight Grade Flour 
82 12.76 0.082 0.091 0.167 6.09 4.39 2.09 
82 13.24 073 O87 .160 5.83 2.68 1.38 
79 13.16 .067 O77 141 6.07 3.06 0.73 
79 13.04 .066 .O74 .136 6.10 3.3 0.29 
83 13.12 064 083 152 6.20 2.55 3.02 
3 13.26 068 089 .163 6.17 2.93 3.85 
80 13.00 .056 081 .148 6.07 1.94 1.74 
78 13.62 .069 O71 .130 6.00 2.82 1.96 
77 13.86 0.073 0.054 0.099 6.09 2.92 0.13 
Hard Spring Wheat—First Clear Flour 
82 13.26 0.127 0.155 0.284 5.93 8.90 5.00 
82 12.60 .109 .147 .269 6.10 6.83 3.35 
79 13.08 105 .140 -257 6.20 7.20 3.55 
79 12.90 O86 .119 .218 6.24 2.78 2.48 
83 12.88 .130 -205 .376 6.26 9.59 11.69 
83 12.68 .109 .158 .290 6.26 7.66 6.12 
80 12.78 106 .174 .319 6.19 6.74 8.32 
80 12.70 O84 154 282 6.20 4.71 6.58 
78 13.60 .110 145 267 6.15 8.23 8.00 
77 13.62 0.115 0.141 0.260 6.19 8.57 §.21 
Hard Spring Wheat—Second Clear Flour 
82 12.76 0.217 0.341 0.626 6.07 14.39 10.97 
82 12.46 157 .250 .459 6.32 9.88 7.32 
79 12.58 .173 ood A17 6.29 14.37 6.84 
79 13.04 151 223 409 6.14 10.63 10.00 
83 12.52 .264 -298 547 6.15 23.83 9.40 
83 12.64 .248 .368 .675 6.37, 23.63 24.00 
80 12.82 .188 .296 .544 6.20 16.96 17.04 
80 12.68 .105 -275 505 6.29 7.09 16.90 
78 13.48 227 .290 532 6.51 21.95 15.19 
77 13.38 0.246 0.298 0.547 6.32 23.48 12.08 
Durum Wheat—First Clear Flour 

82 12.58 0.158 0.205 0.376 6.10 9.15 6.83 
R2 13.54 211 .259 A475 6.34 13.70 2.07 
83 12.88 .178 .208 382 6.54 16.93 12.10 
83 12.44 -232 344 632 6.39 21.49 22.90 
78 13.60 .188 -275 505 6.37 17.21 8.79 
77 13.87 0.170 0.190 0.348 6.31 18.25 9.75 
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between the results of the two acidity determinations might serve 
as a fair criterion of flour grade, and insofar as certain character- 
istics of the flour are concerned might be more useful in this con- 
nection than the ash content. The acidity as determined by the 
two methods was then correlated and the coefficient was found to be 


Yow = 62.06. (Table IV.) 


Change in Acidity During 80 Days Storage 


The principal purpose of this study was to ascertain the rela- 
tive rate of change of acidity as determined by the two methods 
during the lapse of time when numerous samples of the same 
relative grade were compared. At the conclusion of our investiga- 
tions the data from 35 samples were available. 

A storage period of 80 days was deemed well suited to this 
purpose because the earlier studies had shown that during this 
interval of time the progressive change in acidity could be plotted 
as an approximately straight line; in other words, the rate of 
change was reasonably constant. When flours were stored for 
more than 90 days it was found that the rate of change progres- 
sively diminished thereafter in the instance of the lower grades 
of flours. 

The relative rate of change at 25° C. was expressed for con- 
venience as the average change per day. Using the A. O. A. C. 
acidity method (stating acid concentration as H2SO,) the rate in 
the instance of the hard spring wheat straight grade flours ranged 
from 0.1310* to 3.8510*. When the Greek acidity method 
was employed the range within the same flour was from 1.94 to 
6.74X10°*. The rate of change of acidity in the instance of the 
hard spring wheat first clear flours ranged from 2.48 to 11.6910"; 
in the second clear from 6.84 to 24.00 10-*. 

It is thus evident that there was some overlapping in pro- 
gressing from the higher to the lower grades of flour. The signi- 
ficance of this overlapping is likely to be over-emphasized, however, 
when stated in the terms recorded above, and a much more satis- 
factory test of the relation between grade and rate of change in 
acidity is afforded by determining the coefficient of correlation of 


ash content with the average daily increase in acidity. 

When these constants were computed for these variables, the 
correlation of ash content (a) with the average daily increase of 
acidity by the Greek method (b) was rq, = .88+.03; similar corre- 
lation between ash content and average daily increase in acidity 
by the A. O. A. C. method (¢) was fee = 89.02. (Table IV.) 
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This indicates that the overlapping that was obseived did not have 
a very large effect upon the relationship between ash content and 
the rate of change, and accordingly the relative rate of change in 
acidity on storage can be predicted with a fair degree of certainty 
from the ash content. 
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Fig. 1. Graphs showing the rate of change in acidity 
of flours of varying ash content, as determined 
by the Greek, and the A.O.A.C. methods 
and recorded as HeSQs.. 


TABLE II 


Inrriau Acipiry as DererMINeD By THE Greek, AND A.O.A.C. Acioirry Mernops as 
H»SOg, ann Rare or CHance in Acipiry Turu an 80 Day Pertop, 
AVERAGED BY GRADES 











Grade Ash Acidity by Greek Method Acidity by \.0O.A.C. Method 
% Initial 80 Days Change Initial 80 Days Change 
% Storage Per Day (as HeSOs) Storage Per Day 

x 10-4 % x 10-4 





Spring wheat 
Straight grade 0.48 0.045 0.069 2.96 0.065 0.078 1.69 
Spring wheat 
First Clear 0.76 050 107 7.11 .105 153 6.03 


Spring wheat 
Second Clear 1.48 063 .196 16.62 .182 286 12.97 
Durum wheat 
First Clear 


0.062 0.191 
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A factor for computing the average daily increase in acidity 
(as H2SO,4) as determined by the two methods from the ash con- 
tent of the sample can be derived from the graphic record in 
Figure 1. These graphs are based upon the averages of the change 
per day, as recorded in Table II, and it will be noted that they 
closely approach falling upon a straight line in the instance of both 
acidity methods. 

In the July, 1930, issue of the American Miller* it was reported 
that the official Greek Gazette recently contained new regulations 
governing the composition of wheat flour offered for sale in Greece. 
It is required that the odor of the flour shall be that of good quality 
flours, and its taste neither bitter nor rancid. The flour shall not 
be altered in any way or deteriorated, and shall be free of any 
adulteration made in order to conceal its alteration or to make it 
appear as a flour of a superior quality. 

The limits of certain constituents in each quality of flour are 
to be as follows: ; 














Qualities Water Gluten Sulphuric Ash Bran Fatty 
of Flour Maximum Minimum Acidity Maximum Maximum Substances 
Maximum Maximum 
% % % % Tc % 
First 13 26 0.07 0.6 0 1.10 
Second 13 28 0.15 1.4 2 2.75 
Standard 13 28 0.10 1.0 1 1.40 
Clears 13.5 26 0.15 1.6 13 1.70 
Semolina 13 28 0.07 0.8 0 1.10 





“The fatty substances present in the flour are taken only 
as an auxiliary factor whenever there exist any doubts as to 
the quality. In addition to the above requirements, the fol- 
lowing provisions of the Greek regulations are also to be taken 
into consideration: (a) an increase of 5 per cent in the per- 
centage of water will be tolerated from September 15 to June 
15 of every year; (b) the natural properties of the gluten shall 
be those of gluten contained in a good quality flour; (c) a tol- 
erance of 10 per cent will be permitted in the acidity of the 
flour from June 15 to September 15 of every year; (d) in case 
the percentage of ash should exceed the maximum limit shown 
in the above table, the importation or consumption of the 
flour will be permitted only by decision of the council of chem- 


, 


ical services.’ 


2Grecian regulations govern flour quality. The American Miller 58: 640. 
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Using the data appearing in Table II, under the column “ini- 
tial %” in the instance of acidity by the Greek method, and inter- 
polating between the average values that are recorded, it appears 
that freshly milled first quality flour containing 0.6% ash can be 
expected to have an acidity by the Greek method of 0.047% ; freshly 
milled Standard flour containing 1.0% ash should have an initial 
acidity of 0.055% ; second quality flour containing 1.4% ash should 
have an initial acidity of 0.062%, and clears containing 1.6% ash 
an initial acidity of 0.066%. These estimated percentages of initial 
acidities of such flours are shown in Table III. 


TABLE III 


Estimatep Time Reaquirep 1N Strorace at 25° C. to Reach Maximum Acuiry 
Permirreo Unper Recent Greek ReGuiations in INSTANCES OF FLouRs 
CONTAINING THE PercentaGe or Ash ALLOwep IN EaAcu 
or THE Four Quvatirties or Fiour 














Quality Ash content Estimated initial Average change Time required in 
of flour permitted acidity by in acidity storage at 25° C. 
Greek method per day to reach maximum 
permitted 
% % % days 
First 0.6 0.047 0.00046 50 
Second 1.4 0.062 0.00165 53 
Standard 1.0 0.055 0.00105 3 
Clears 1.6 0.066 0.00195 3 
TABLE IV 


CoerFiIcieENTs OF CoRRELATION OF SeveRAL VARIABLES INCLUDED IN THE AcipIry Strupy 














First After Storage 
Analysis Period 
Teg 0.60 + .06 0.88 + .03 
Yau 84+ .03 92 + .02 
Yap -76 + .04 64 + .07 
ryn .62 + .06 92 + .02 
Yop .88 + .08 .48 + .09 
rwp .63 + .06 55 + .08 
Taiw-g 0.96 + .0O1 
Tab 88 + .03 
Tec 0.89 + .02 
CODE 
Ash % - - - : “= a 
Acidity of fresh ait, Greek Method - - - my 
Acidity of fresh flour, A.O.A.C. Method : : —— 
pH of fresh flour . - =» 
Average daily increase in tin Greek Method -=6 
Average daily increase in acidity, A.O.A.C. Method = ¢ ¢ 





Using the observed rates of change in acidity as recorded in 
Table Il and expressed graphically in Figure 1, we have computed 
and recorded in Table III the rate of change in acidity at 25° C. 
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and found that it would only require from 43 to 53 days for these 
several qualities of flour to reach the maximum permitted when the 
flours are stored at 25° C. 

As was shown in the first report by Fifield and Bailey (1929) 
the rate of change is considerably increased when the temperature 
is elevated; thus storing these flours at 30° C. instead of 25° C. 
will probably result in the acidity reaching the maximum in 80% 
to 85% of the time required at 25° C. This would scarcely com- 
pensate for the tolerance of 10% that the Greek Government will 
permit in the acidity of flour from June 15 to September 15 of 
every year, at which time the average daily temperatures are con- 
siderably higher than during the remaining rine months. — 


Summary 

A higher correlation of ash content with acidity as determined 
by the A. O. A. C. method was found in freshly-milled flours than 
of ash content with acidity determined by the Greek method. 

Difference between Greek acidity and A. O. A. C. acidity in 
freshly milled flours was highly correlated with ash content. 

Earlier assumptions that the A. O. A. C. tentative method for 
acidity indicated the relative rate of production of acid-reacting 
substances during the extraction with water received support from 
these recent studies. 

Rate of change in acidity of flours stored at 25° C. was highly 


correlated with ash content. 

It was estimated that flours containing the percentages of ash 
included in the four grades or qualities described in the present 
Greek specifications will contain in excess of the maximum limits 
of acidity after 43 to 52 days when stored at 25° C. 
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Gortner, Hoffman and Sinclair (1928, 1929) have shown that 
when wheat flour is extracted with salt solutions, the quantities of 
protein extracted show wide variation depending on the flour, the 
salt, and the salt concentration used. This has led them to ask 
what salt and what concentration is to be used in extracting and 
determining the so-called globulin of wheat flour. Assuming that 
the non-gluten protein is the difference between the total protein 
and the sum of the gliadin and glutenin protein as determined by 
Grewe and Bailey (1927), it is shown by Gortner, Hoffman and Sin- 
clair that the quantities of protein extracted from the same flour 
with different salts and different concentrations of salt may vary 
between 89 and 389% of this non-gluten protein. These percent- 
ages are equivalent to 17 and 73.9% of the total protein of the 
flour respectively. It appears, therefore, that salt solutions must 
extract considerable quantities of the gluten proteins. In order 
to determine which of these, gliadin or glutenin, was extracted 
by salt solutions, the work reported in this paper was done. 


Experimental 


According to the work of Sharp and Gortner (1923) glutenin 
is the protein chiefly responsible for the high viscosity of acid- 
ulated flour-water suspensions. A comparison of the viscosities 
of two suspensions, one of which has been extracted with distilled 
water only and the other with salt solutions, the salt also being 
subsequently extracted, would indicate whether glutenin was be- 
ing removed by the extraction with salt solution. Experiments 
were therefore conducted following the exact procedure given 
by Gortner, Hoffman, and Sinclair (1929). According to their pro- 
cedure, the flour is extracted three times with salt solution, the 
dissolved or peptized protein each time being separated from the 
residue by centrifugation, It was found that centrifugation could 


1Published with the approval of the Director. 
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not be used for our purpose as the residue could not be brought 
into smooth suspension for the viscosity determination, the sus- 
pension always being filled with lumps. The next method used was, 
therefore, to extract first with 1 liter of the salt solution followed 
by two extractions with distilled water in order to remove the salt. 
The residue after these extractions was made up to 100 cc., poured 
into the cup of the MacMichael viscometer and after acidulation. 
with 0.5 cc. of 20% lactic acid the viscosity was determined using 
a No. 30 wire. The results obtained through the use of this pro- 
cedure are given in Table I. Tenth normal solutions of KI, KBr, 
KCl, and KF were used, as Gortner, Hoffman, and Sinclair had 
found that the quantities of protein extracted by solutions of these 
salts varied in a regular manner, KI solutions extracting the most 
and KF solutions the least. Eighteen gram portions of flour were 
used in every case. The data in Table I show that excepting the 


TABLE I 


Viscosiry or Frour-Warer Suspensions Exrractep with 60.1 Normart Sorurions 
or THE Porasstum Hatipes 











Salt Solution Used Viscosity Nitrogen Extracted 

For Extraction 
egm. % 

Distilled Water 135 14.75 43.56 
0.1N KI solution 173 19.40 57.29 
O.1N KBr solution 180 18.45 54.49 
0.1N KCl solution 175 17.30 51.09 
O0.1N KF solution 100 15.70 46.36 





case in which the solution of KF was used for extraction, signi- 
ficantly higher viscosities were obtained when salt solutions were 
used for extraction than when distilled water alone was used. 
It was thought that the difference in behavior of the KF solution 
was due to the effect of the KF in preventing the phytase from 
liberating inorganic phosphates from organic combination. Since 
these phosphates were not rendered soluble they were not removed 
by extraction and remained in the flour suspension to depress the 
viscosity. In the final series of experiments, therefore, the pro- 
cedure was modified so as at least partially to eliminate this effect 
of the fluorides. All the preparations were first extracted with 1 
liter of water at 40° C. The purpose of this was, obviously, to al- 
low the phytase to act unhindered, thereby allowing the removal 
of as much as possible of the natural salts of the flour before ex- 
traction with the salt solutions. An extraction with 500 cc. of salt 
solution was then made, followed by two extractions with distilled 
water using 1000 cc. each time. The last two extractions were ob- 
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viously to remove the salt. The residue after these extractions 
was made up to 100 cc. and the viscosity determined in the manner 
already indicated. The data obtained are given in Table II. 

In these final experiments both the sodium and potassium 
halides were used, at concentrations of 0.5 and 1.0 N. The H-ion 
concentrations of all the suspensions were practically the same 
and therefore this factor can be eliminated as affecting any of the 
properties under consideration. The data in Table I] show that all 
the flour suspensions extracted with salt solutions have higher 
viscosities than the suspension extracted with distilled water. It 
should perhaps be stated that the suspension extracted with dis- 
tilled water received the same treatment as the other suspensions 


TABLE II 


Tue Viscosiry or Frour-Water Suspensions Exrractrep -wirh NorMAt anv 0.5 
NorMAt So_vuTions oF THE Porassium AND Sopium Hauipes. Tue Quantity 
or Nrrrocen Extractrep Is Atso Given 








Salt Solution Used Viscosity Nitrogen Extracted 

For Extraction Degrees Mac Michael 
cgm. % 

Distilled Water 135 14.85 43.86 
1.0N KI solution 199 17.02 50.27 
1.0N KBr solution 179 16.58 48.96 
1.0N KCl solution 169 16.15 47.66 
1.0N KF solution 150 15.70 46.36 
0.5N KI solution 189 17.60 51.98 
0.5N KBr solution 182 17.32 51.15 
0.5N KCl solution 178 16.98 50.14 
O.5N KF solution 153 14.80 43.71 
1.0N Nal solution 200 18.20 53.75 
1.0N NaBr solution 198 17.40 51.38 
1.0N NaCl solution 185 16.80 49.61 
1.0N NaF solution 160 16.10 47.55 
0O.5N Nal solution 214 17.18 50.73 
0.5N NaBr solution 186 17.00 50.20 
0.5N NaCl solution 169 16.85 49.76 
O.5N NaF solution 144 16.35 48.29 





except that an extraction with distilled water replaced that with 
salt solution. The viscosity of the suspension extracted with dis- 
tilled water was 135° while the viscosities of the suspensions ex- 
tracted with salt solutions varied between 144° and 214° Mac- 
Michael. Of the suspensions extracted with salt solutions the vis- 
cosity was always highest for that extracted with the iodide solu- 
tion and lowest for that extracted with the fluoride. Thus the vis- 
cosities of the solutions extracted with distilled water and with 
normal KI, KBr, KCl, and KF were 135°, 199°, 179°, 169°, and 150° 
MacMichael respectively. It appears, therefore, that the extrac- 
tion of flour-water suspensions with solutions of the halides of 
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potassium and sodium leaves residues the viscosities of which 
after acidulation, vary in accordance with the lyotropic series of 
their anions. It is possible that the viscosity of suspensions ex- 
tracted with the fluorides may be low because these salts inhibit 
the action of phytase. This is not believed to be the case, however, 
as this factor has been eliminated for the most part by the pre- 
liminary extraction with water, and as the viscosities obtained on 
extracting with the other salt solutions so closely pzrallel their 
effectiveness in peptizing flour protein. 

Gortner, Hoffman and Sinclair (1928, 1929) noted that potas- 
sium salts had greater peptizing effects on the flour proteins than 
sodium salts and further that increasing the concentration of these 
salts decreased peptization. The data in this paper do not show 
significant differences in viscosity paralleling these differences in 
peptizing effect. This is probably because the peptizing effects on 
flour protein of different salt concentrations and different cations 
in the lyotropic series are not so pronounced as in the series of 
anions, and also because the viscosity determination is not suffi- 
ciently accurate. 

The quantities of protein extracted by the different salt solu- 
tions were also determined and the data are given in Table II. 
The results agree with those of Gortner, Hoffman and Sinclair in 
that the quantity of protein peptized decreased in the order: 
iodide, bromide, chloride, fluoride, but do not agree in the absolute 
quantity peptized. Thus our data show that the extreme limits of 
peptization by iodide and fluoride were 53.75 to 43.71% of the 
total protein respectively. In the work of Gortner, Hoffman and 
Sinclair these limits were 73.9 and 10.3% respectively. This dis- 
agreement is probably due to differences in methods of procedure. 
Thus on the basis of an 18 g. sample, Gortner, Hoffman and Sin- 
clair made three extractions using 150 cc. of salt solution each time, 
while in the work reported here the first extraction was made with 
1000 cc. of water at 40° C., the second with 500 cc. of salt solution 
and the third and fourth with 1000 cc. of water. 


Discussion 


It appears that the extraction of flour-water suspensions with 
salt solutions produces suspensions whose viscosities after acidu- 
lation are higher than those of similar suspensions extracted with 


distilled water, even though more protein is extracted by the salt 
solutions than by distilled water. Since glutenin is the protein to 
which is due the high viscosity of extracted acidulated flour-water 

















January, 1931 ARNOLD H. JOHNSON 43 





suspensions, the higher viscosity of the suspensions extracted with 


salt solutions indicates that the increased protein removed was 
not glutenin. The 40 to 50% of the total protein removed by ex- 
traction with salt solutions must therefore have consisted largely 
of the alcohol-soluble protein of wheat flour. Sharp and Gortner 
(1923) and Johnson and Herrington (1928) thhave previously noted 
that when flour suspensions are more completely extracted by 
washing many times with distilled water and more protein (pre- 
sumably gliadin) is removed, higher viscosities result. If the salt 
extraction removes gliadin at a more rapid rate than distilled 
water extraction it is obvious that the suspension extracted with 
salt solution will have the higher viscosity. 

The fact that extraction of a flour-water suspension with a 
salt solution causes high viscosities of the salt-free acidulated 
suspension has previously come to our attention. Thus Johnson 
and Green (1930) have shown that in flour-water suspensions con- 
taining veast and sodium chloride, the salt not only prevented the 
yeast from affecting the protein so that it no longer would imbibe 
water on acidulation, but when the salt was removed the acidulated 
suspension had a higher viscosity than a similar suspension not 
containing salt and yeast. 

Conclusions 

The viscosities of flour-water suspensions extracted with 1.0 
and 0.5 N solutions of the potassium and sodium halides are higher 
tnan those of similar suspensions extracted with distilled water. 
The viscosities decrease according to the lyotropic series of the 
anions |>Br>ClI>F. Glutenin is not removed on extraction of a 
flour suspension with the halides of potassium and sodium. 
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o 


During the baking of a bread dough the starch granules con- 
tributed by the flour are more or less converted into a highly con- 
centrated gel. This involves an appreciable increase in the propor- 
tion of water imbibed by the starch. Our present knowledge of the 
phenomena associated with the development of staleness in the 
baked bread indicates that the principal process involved is the 
reformation of the starch granules of the amorphous stage from 
the gelatinized form with coincident loss of water. The process is 
reversible, but it would appear that the more that gelatinization of 
the starch is increased in baking, the more will the reformation of 
the amorphous “stale stage’”’ be impeded. 

In grinding wheat starch in a pebble mill, Alsberg and Perry 
(1924) found that all the grains were injured. The battered grains 
swell instantaneously when they come in contact with cold water 
and to considerable degree disperse themselves in it. Alsberg and 
Griffing (1925) reported that if flour was severely overground the 
baking quality was injured despite increased absorption, due to 
swelling of the starch granules. On the other hand, moderate over- 
grinding may injure the starch without noticeably affecting the 
gluten. Similar conclusions were drawn by Shollenberger and Cole- 
man (1926). An increase in the cold water extract from the dis- 
persed starch and an increased saccharogenic power were also ob- 
served as reported by Alsberg and Griffing (1925), Shollenberger 
and Coleman (1926), and recently by Pascoe, Gortner and Sher- 
wood (1930). 

Having been engaged in the investigation of the fermentation 
rate of overground flours the writers expanded these studies to 


ir 


determine whether or not the increased dispersion and the result- 
ing increased reaction ability of the starch granules during fer- 
mentation and baking was reflected in the keeping quality of 
breads baked from overground flours in comparison to those made 
from the corresponding untreated samples. 


Four different flours were used for these experiments : 
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No. 12428 Milled from a wheat mixture containing a high percentage of 
white wheat in Seattle, Washington; moisture 12.5%; ash 
0.37% ; crude protein 10.2%. 

No. 12508 An 80% patent flour milled from a blend of spring wheats by 
the Minnesota State Testing Mill, containing 14.5% moisture, 
0.45% ash and 11.7% crude protein: 

No. 12778 Bleached straight grade flour milled from a blend of hard 
spring wheats by the Minnesota State Testing Mill, con- 
taining 13.5% moisture, 0.49% ash and 11.9% crude protein. 

No. 12806 Straight grade spring wheat flour containing 12% crude pro- 
tein. 


The “overgrinding” of the flour was effected by first bolting 
out all particles that would pass through a 25xx flour silk, and then 
grinding the tailings twelve times, bolting after each grinding 
operation, A small portion of the flour was not reduced to the j 


TABLE I 


Viscosiry or Breap BAKep FROM OvERGROUND AND UNTREATED FLour 

















Flour Fresh ¢/t, After 42 Decrease of the 
No. Treatment hrs. t/t, viscosity in % , 
12428 Untreated 3.103 2.000 35.5 
Overground 3.074 2.012 34.5 
12508 Untreated 2.730 1.936 29.1 
Overground 2.728 1.950 28.5 
12778 Untreated 3.013 1.962 34.9 
Overground 2.938 2.037 30.7 
12806 Untreated 2.949 1.936 34.3 
Overground 2.839 1.951 31.3 


t is the time of flow of the suspension; 
t, is the water equivalent of the viscometer (78 sec/5 at 20° C.) 
The last column shows the decrease of the viscosity in per cent. 





requisite fineness by this treatment, and it was ground in a porce- 
lain mortar, bolted and added to the other material. All the frac- 
tions were then thoroughly mixed, and finally bolted three times 
through a coarse sieve. 

The doughs were mixed using 300 g. flour, 7.50 g. sugar, 5.25 
g. salt, 9.00 g. yeast and 6.75 g. shortening. After mixing, the 
doughs were divided in three equal parts and fermented at 30° C., 
according to the A. A. C. C. method. The first punch was made 
after 165 min. and the second after an additional 50 min. After a 
third period of 25 min. the doughs were panned and proofed for 
55 minutes at 30° C. and were then baked for 25 min. at 230° C. 

For measuring the march of staleness the viscosimetric method 
developed by Karacsonyi (1929) was used. Stated briefly, 10 g. of 
the crumb of the cooled loaf was forced through a 5xx silk sieve 
and after completing the weight to 100 g. with water and making 
the suspension uniform, its viscosity was determined by means of 
an Ostwald viscometer at 20° C. 
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After 42 hours storage, viscosity of crumb of the loaves was 
measured, compensating for the loss of water by evaporation in 
weighing off the charge for the determination. 

In addition to the study of loaves made with overground flour, 
control loaves made with untreated flour were included in the 
series as a basis of comparison. The results of these observations 
are recorded in Table I. 

The results obtained seem to indicate that overgrinding has 
but a very small effect upon the keeping quality of bread, so far 
as is disclosed by the method of study employed. The decrease of 
the viscosity of loaves made from overground and the correspond- 
ing untreated flours was almost the same in the case of the 
shorter patent samples. In the case of the two straight grade 
flours, however, the staling was slightly retarded. 

These observations are in uccordance with the results of the 
investigation conducted by the writers in order to detect differ- 
ences, if any, in the gas-producing and gas-retaining ability of 
doughs made from overground and untreated flours. The results 
of the experiments referred to were essentially negative, and it 
may be concluded that by the method of overgrinding employed 
the starch granules were not modified to such an extent as to cause 
significant changes either in the fermentation rate of doughs or the 
keeping quality of the resulting loaves. 
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The evaluation of baking strength of flour has been and still 
is a problem of some difficulty. The accepted method, that of mak- 
ing a laboratory baking test under rigidly specified conditions, has 
certain disadvantages: it is cumbersome, time-consuming, expen- 
sive and calls for a skilled operator. Blish (1928) mentions four 
supplementary tests in finally determining the full potentialities 
of a flour. Investigations published by Larmour and MacLeod 
(1929) have shown the advisability of using a formula including an 
“improver” in addition to the basic method. Clark (1929) stresses 
the value of a variable fermentation time. Harrel (1929) describes 
variations in loaf volume and characteristics, introduced by dif- 
ferences in panning, oven temperature control and other factors. 
To review all the literature published on this subject would be 
beyond the scope of this paper. 

The chief aim of many investigators in the field of flour chem- 
istry has been to find a method which would definitely place a flour 
in regard to strength without necessarily going through the baking 
procedure. Protein content has for a long period been considered 
the chief factor associated with baking strength, hence the prac- 
tically universal demand for high protein wheat. It was believed by 
many workers that a quality factor must be present. This belief 
was based upon the fact that when a series of flours were baked, 
the results often varied from those forecasted from protein content 
alone. Differences of quality among the wheat proteins might 
explain these discrepancies. A brief survey of some of the physical 
and chemical methods applied to this problem follows. 

Bailey and Le Vesconte (1924) measured the extensibility of 
a series of doughs with the Chopin extensimeter and concluded that 
these values were of use in indicating the strength or baking value 
of a flour. Gortner (1924) describes a method of measuring gluten 
quality by means of viscosity measurements and points out that 
the viscosity of flour-water suspensions is the resultant of two 
factors: quantity and quality of the glutenin present. A constant 
b was determined which appeared to be characteristic of glutenin 
quality. Two flours of widely different protein contents were found 
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to give almost identical loaf volumes but the flour with lower pro- 
tein content gave much higher quality readings by the method 
described. Bailey (1924) employed this method as a means of 
determining the gluten quality of flour streams from the Minne- 
sota State Mill and found substantial evidence of variation. Mid- 
dlings flour rated highest and break flours lowest in gluten quality. 
Blish and Sandstedt (1925) found no adequate agreement between 
b as a measure of gluten properties and results of baking tests. 

Gortner (1923) pointed out that flour strength, as far as gluten 
quality is concerned, is conditioned by colloidal properties of the 
glutenin, and found that changes induced in viscosity by addition 
of acid and alkali were very similar to those reported by Loeb for 
gelatin, casein, etc. Unlike Loeb, however, Gortner ascribed these 
changes to the force of surface phenomena, whereas Loeb viewed 
them in the light of chemical reactions. 

As early as 1883, crude gluten was observed by Balland (1884) 
to change in weight and consistency when immersed in solutions 
of inorganic salts. Later, Wood (1907) dispersed gluten by the 
addition of acids to distilled water containing the gluten. This 
effect appeared to be largely counteracted by the addition of salts 
to the medium. Upson and Calvin (1915, 1916) weighed gluten discs 
after immersion in various solutions of acid and salts and deter- 
mined the amount of imbibition of water. Their results tended to 
confirm the conclusions of Wood, that changes in gluten properties 
were due to environmental chemical variations rather than to 
inherent differences in the gluten itself. 

Gortner and Doherty (1918) found a difference to exist be- 
tween the gluten from strong and weak flours. Strong flour glutens 
tended to imbibe more water in dilute acid solutions, and dispersed 
less than weak flour glutens. They postulated that “the dif- 
ference between strong and weak glutens is apparently that be- 
tween a nearly perfect colloidal gel with highly pronounced phys- 
ico-chemical properties, and that of a colloidal gel in which these 
properties are less marked.” 

Hoffman and Gortner observed (1927) that the extraction of 
flour with 5% potassium sulphate solution and 10% sodium chloride 
solution did not yield similar protein fractions, but that marked 
differences existed in the protein material dissolved by the solu- 
tions. Gortner, Hoffman and Sinclair (1928) studied the effect of 
21 inorganic salt solutions on the proteins of 12 commercially 
milled flours of widely divergent origins. Striking differences in 
protein extracted were shown, both with a single salt solution and 
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different flours and a single flour and different salt solutions. Nor- 
mal KF extracted 18.0% of the total protein in one flour, while 
normal KI extracted 73.9%. The KF values ranged from 10.5% to 
18.0%, the KCl values from 18.7 to 30.4%, the KBr values from 
30.1 to 48.6% and the KI values from 55.4 to 73.9%. 

These characteristic variations suggested to Gortner the pos- 
sibility of a correlation existing between the peptizing action of 
the salt solutions and the loaf volumes of the flours. Thirteen cor- 
relation coefficients were therefore calculated, ranging in magni- 
tude from r = —.672+.107 to r = -.929+.028. The correlation 
coefficient between loaf volume and per cent total protein soluble 
in 5% KeSOy, for a series of flours was also computed by Gortner, 
and it was found that r = —.824+.065. These results appeared to 
substantiate the conclusion that a relationship must exist between 
ease of peptization of the flour proteins and the baking strength, 
as registered by loaf volume. 

The effect of the anions in causing peptization arranged them- 
selves in a Hofmeister series of F< SO,<Cl<tartrate< Br<l. The 
cations similarly were found to constitute a lyotropic series, rather 
less pronounced than the anions, in increasing order of peptization 
of Nax<K<Li< Ba<Sr<Mg<Ca. These effects were found to be 
independent of H-ion differences, in opposition to the views of 
Loeb (1922). 

Larmour and Macleod (1929) found a significant negative 
correlation to exist between loaf volume and per cent total protein 
peptized by solutions of MgSO, and KBr. A somewhat different 
method from that used by Gortner was employed by these workers 
and will be discussed in detail later. It was shown by Gortner 
(1929) that the peptization of wheat flour proteins by inorganic 
salt solutions reveals the same sort of differences as does peptiza- 
tion with acid or alkaline solutions. He believes that these varia- 
tions are tied up with the colloidal properties of the wheat flour 
protein, and are related to heritable differences as well as environ- 
mental factors during growth, harvest and storage of the original 
wheat. 

Before proceeding to the study of the relationship existing 
between flour protein peptization and baking strength, it was de- 
cided to make a preliminary study of the methods of peptizing 
proteins in flour suspension and select a suitable procedure elim- 
inating the necessity of employing a mechanical shaker and electric 
centrifuge. 

The method used by Gortner and his co-workers was to weigh 
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out 6 g. of flour into a 100 cc. centrifuge tube, and to add 50 cc. of 
a salt solution. The mixture was then shaken for 30 min. in 
a mechanical shaker, and the flour residue tightly packed in the 
bottom of the tube by an electric centrifuge. The clear supernatant 
liquid was decanted into a Kjeldahl flask, and the extraction re- 
peated on the flour residue with 50 cc. of fresh salt solution, repeat- 
ing the shaking, centrifuging and decanting, and following this 
with a third extraction of the residue with a fresh 50 cc. portion of 
salt solution. The nitrogen dissolved by the salt solution was deter- 
mined on the combined extracts by the usual Kjeldahl-Gunning 
procedure. These extractions were done in duplicate. 

Larmour and MacLeod also used 6 g. of flour in their method, 
but weighed it into a 200 cc. glass bottle, which would just fit the 
larger cups of an electric centrifuge. The entire 150 cc. of salt 
solution was added at once, any adhering flour cleared from the 
bottom or walls of the bottle, and the bottle placed in a rotary 
motor-driven shaker. The mixture was shaken for 2 hours and the 
residual flour tightly packed in the bottom of the bottle by an 
electric centrifuge, and the supernatant liquid was decanted and 
aliquoted in two 50 ce. portions. These extracts were transferred to 
Kjeldahl flasks, and the nitrogen extracted determined as before. 

In the first method, after the initial extractions, difficulty was 
experienced in breaking up the residual flour sufficiently to ensure 
thorough mixing of the residue with the fresh salt solution. Slight 
errors were necessarily introduced through removal of flour and 
solution adhering to the glass rod used in disintegrating the resi- 
due. It, was also found that in several cases the mixture foamed 
quite badly during the third extraction and after centrifuging great 
care had to be exercised lest portions of the residual flour should 
disintegrate and pass with the clear liquid into the Kjeldahl: flask. 
The second method was not open to these objections, and duplicate 
nitrogen determinations could be made on a single extraction, thus 
greatly reducing the work. It seemed probable, however, that a 
shorter extraction period would prove more desirable and that the 
results obtained would be relatively the same. 

The first method described would be unsuitable for the pur- 
poses of the present study, a complete removal of liquid after each 
extraction necessitating an electric centrifuge, and a closely packed 
residue being necessary if all the solution were to be used for 
determining the peptized nitrogen. The second method seemed 


more suitable, and after a few trials a modification was evolved 
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embracing the principles of this procedure but with certain changes 
eliminating the use of a mechanical shaker or electric centrifuge. 

This method was as follows: 6 g. of flour was weighed into 
a 250 cc. Erlenmeyer flask, 150 cc. of the salt solution was then 
added, the flask stoppered and shaken to ensure thorough mixing 
of the flour and liquid. The shaking was continued at intervals of 
approximately 5 min. for one hour, to prevent settling of the sus- 
pended particles. The flask was then set aside for several hours to 
allow the suspended flour particles to settle. At the end of the 
period, when settling out appeared to be complete, the clear super- 
natant liquid was decanted from the residual flour, aliquoted into 
two 50 cc. portions, and the extracted protein determined by the 
Kjeldahl-Gunning procedure. 

To determine the relative values of these methods in protein 
extraction, a series of 11 experimentally milled 75% patent flours 
of the 1929 crop was chosen embracing a range in protein content 
from 9.0% to 16.0%. These flours were then peptized by the three 
methods, the extracted protein calculated in per cent. total protein 
for each method, and the results correlated in pairs. The correla- 
tion between per cent total protein extracted and the “improver” 
loaf volume was also computed in each case. These correlations 
were as follows: 


Method I and II, r= +.9333 + .0262 Method I and L.V., r= —.8900 + .0423 
Method I and III, r= +.8376 + .0607. Method II and L.V., r= —.7606 + .0857 
Method II and III, r= +.7601 + .0859 Method III and L.V., r= —.8466 + .0576 


The Z transformation of Fisher was applied to the pair showing 
the largest difference in each set, and no significant difference was 
found. Therefore, any of the three methods are equally efficient 
for purposes of determining the peptizable protein, and its relation 
to baking strength. The third method, being the most convenient 
for the purposes of the present study, was adopted. 

Total protein, improver loaf volume and per cent total protein 
peptized by the three methods using KBr as the peptizing agent, 
are shown in Table I. Method I gives consistently higher results 
in peptized protein, while methods II and III yield much similar 
values. 

As the laboratory temperature fluctuated from day to day, it 
seemed desirable to obtain some data on the possible effect of 
temperature changes upon the peptization of wheat flour proteins 
by inorganic salt solutions. A series of 5 experimentally milled 
straight flours, of the following protein content, was peptized by 
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the third method, using 0.5N solutions of KF, KCl, KBr, KI and 
distilled water. 


Protein Content 


Sample No. To 
946 8.0 
917 98 
98 12.6 
935 17.7 
927 18.3 


Flasks containing the weighed flour and the solutions were 
brought to the correct temperature before starting, the solution 
was then added to the flour, and the flask held at the desired tem- 
perature until the expiration of the extraction period—one hour. 
Two temperature readings were taken from each series of 5 flours 
at intervals of 15 min. during peptization, and the maximum varia- 
tion found to be +1°C. The 60° temperature run was done in an 
electric drying oven with thermostatic control, the lower tempera- 
ture in an automatic proofing cabinet, with the regulator set at the 
desired point. 

The data obtained, calculated as per cent of the total protein 
extracted, are shown in Table Il. No significant change in protein 
extracted with rise in temperature is shown except a slight increase 
in the water extraction and two of the KI series. The increase in 
soluble protein in water at higher temperature is probably due to 
increased proteolytic activity. The behaviour of the two KI extrac- 
tions is not followed by the other members of the KI group. 

Another series of extractions was run to determine the influ- 
ence of length of extraction period upon the percentage of total 
protein extracted. Two experimentally milled straight flours (No. 
927, 18.3% protein and No. 946, 8.0% protein) were extracted 
with 0.5N solutions of KF, KI and water. These were ‘run in series 
of five, one sample was thoroughly shaken immediately the solu- 
tion was added, usually about 5 seconds was required for this. 
The other tests were made by agitating the mixture sufficiently, 
at intervals to ensure the flour remaining in suspension for periods 
of 5, 15, 30 and 60 min. each. The usual procedure of settling out, 
decanting, etc., was followed, according to the third method. The 
results obtained, computed as per cent total protein extracted, are 
shown in Table III, and depicted graphically in Figure 1. 

No significant increase in extracted protein is evident after the 
first 30 min. except for the KI extracts, and here the change is 
relatively slight. The protein content of the flours does not appear 
to have a measurable effect upon the rate of extraction. 
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TABLE I 






Per Cent Toray Prorein Peprizep spy Eacu or tHe THree Mertruops From 
11 Frours sy 0.5N KBr. 








Crude 
Protein 


% 


Percentage of Total Protein Peptized 





Method 
I 


Improver 
Loaf Volume 


ec. 





12.0 
14.7 
15.2 
11.3 
11.5 
16.0 
12.6 
14.7 

9.0 
11.2 

9.1 


34.0 
30.2 
29.4 
33.0 
33.9 
29.9 
32.4 
30.2 
36.7 
32.8 


39.2 


oo Ol fo te 


~~ x2 @D 


535 
680 
650 
560 
490 
730 
620 
644 
410 
490 
440 











TABLE II 


Per Centr or Tora 
Dirrerent Sart So_tuTions AND Distittep Warer ar Various TEMPERATURES 


Prorein Exrracrep 





Flours By 











58° C. 








Distilled Water 





24.8 
23.2 
27.8 
20.3 
20.4 
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TABLE III 


Tas_te SHowinc Per Centr or Torat Protein Exrracrepo From Frour sy Two Sat 
Senurions ANp Distittep Warer, ror Dirrerent LENGTHS 
or Exrracrion Periop 


Per Cent Total Protein Extracted by 
Time ( Min.) H20 0O.5N KF 0.5N KI 


Flour No. 946 


















































1/12 14.4 15.0 37.8 
5 17.8 17.1 46.2 
15 18.9 17.8 50.0 
30 20.3 17.8 50.4 
60 21.0 17.8 53.2 
Flour No. 927 
1/12 12.7 10.2 29.6 
5 13.1 11.1 40.8 
15 13.0 11.6 45.7 
30 13.4 11.6 47.9 « 
60 14.5 11.7 49.4 
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Fig. 1. Relation between per cent total protein extracted from two 
flours of different protein contents, and length of extraction period. 


A series of wheats, 44 in number, from the 1929 Saskatchewan 
wheat crop, were experimentally milled into 75% patent flour on an 
Allis Chalmers experimental mill, and the resultant flours baked 
and analyzed. These wheats were all of the Marquis variety, and 
of contract grade, except one sample, No. 25, and were grown in 
the farming territory near Saskatoon. No frost or other damage 
Was apparent in any of these samples and all would be considered 


satisfactory milling wheat. 
After bleaching with a dosage equivalent to one pound reagent 
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to forty-five barrels of flour, these flours were baked by two meth- 
ods, one using the basic formula employing flour, sugar, salt and 
yeast, and another in which an improver (1% malt + .001% KBrO;, 
or for a relatively high protein flour, 3% malt + 0.5% Arkady) was 
added to the basic ingredients. They were peptized according to 
the third method, already outlined, by 0.5N solutions of KBr and 
MgSO,, and the per cent total protein removed was calculated. 
These values, with the corresponding loaf volumes obtained by the 
two baking methods and the total protein, are shown in Table V. 
|Note: The author’s paper, “Relation between crude protein con- 
tent and loaf volumes obtained by two different methods of baking” 
(Cereal Chem. 7: 557-570, 1930), in Tables [ and II, data are shown 
for 59 samples of wheat and flour, which include the 44 samples 
reported in the present paper. | 

Figure 2 is a dot diagram of the flour protein content and 
the loaf volume obtained by the basic method, the correlation in 
this series of 44 being r = +.6937+.0527. Figure 3 is a dot dia- 
gram of the same flour showing protein content and loaf volumes 
obtained with use of improver formula. Here the correlation is 
r ==+.9021+.0189. A comparison of the two diagrams shows a 
regular distribution of the dots along the regression line in the 
latter, and a high probability of predicting loaf volume from pro- 
tein content. Figure 2 shows much more scattering in the distri- 
bution and a tendency to run parallel to the base axis. From a 
protein content of 12% to 16%, there is no significant increase, 
in contrast to the data of Figure 3, where a steady rise of loaf 
volume with increasing protein content is shown. 

Figures 4 and 5 show graphically the percentage of total 
protein peptized by 0.5N KBr, and the loaf volumes obtained with 
the two baking methods. In the basic method shown in Figure 4, 
r =-—.4579+.0804. While this shows a relationship between flour 
strength as registered by loaf volume and per cent total protein 
extracted, it does not indicate any great probability of accurately 
predicting loaf volume from degree of protein peptization. Figure 
5, a diagram of the improver loaf volumes and KBr extracts, 
vields a correlation of r = .7326+.0471, and affords a much greater 
probability of predicting loaf volume although much scattering is 
evident. 

Figures 6 and 7 represent 0.5N MgSO, extracts in a similar 
manner, these data giving correlations of r = — .4789+.0784 and 
r = —.6148+.0632 with the basic and improver loaf volumes 
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respectively, and show as in the case of the protein contents and 
KBr extracts, more symmetrical distribution with the improver. 

A further statistical study, using the method suggested by 
Geddes and Goulden (communication received from W. F. Geddes), 
was made of these 44 samples, and the results are shown in Table 
IV. The data when treated in this manner, show strikingly the 
greater value of non-peptized protein in relation to loaf volume. 
Peptized protein does not appear to be of very great significance 
as shown in its relation to loaf volume and non-peptized protein. 


TABLE IV 


Sraristicat Constants CompeuTep FROM THE PeptTizATION AND Baxinc Test Dara 
12 Frowrs or 1928 Crop—44 Frours or 1929 Crop 

















KBr MgSO. 

Basic Improver Basic Improver 
hes = +.6937 + .0527 +.9021+ .0189 rae = +.6937 + .0527 +.9021 + .0189 
Yaa = ~ .7165 + .0495 “oe —.6209 + .0625 
The = +.3667 + .0880 +.2585+ .0949 r,-, = +.3908 + .0862 +.3866 + .0865 
r) = + .2390 + .0959 Thre’ = + .3014 + .0925 
Pea = +.6640 + .0569 +.9128+.0171 r,-, = +.6735 + .0556 +.8921 + .0208 
aa = +.6379 + .0603 +.9073 + .0181 gree = +.6331 +.0609 +.8820 + .0226 
Une = +.2863 + 0932 +.1015+.1006 wry, = +.2664+.0945 +.2732 + .0941 
ae +.6875 + 0556 +.9132 + .0169 Revere = +.7017+.0725 +.9006 + .0193 
Note 
a = total protein 
b = peptized protein by 0.5N KBr 
Cia-b) = non-peptized protein by 0.5N KBr 
d % total protein peptized by 0.5N KBr 
e = loaf volume 
b’ = peptized protein by 0.5N MgSO« 
c non-peptized protein by 0.5N MgSo, 
d’ = % total protein peptized by 0.5N MgSO. 





A study was also made of 12 samples of pure strain Marquis 
wheat grown in 1928 in various parts of Saskatchewan. A descrip- 
tion of these is found in Table VI. They include grades from No. 1 
Northern to No. 6 and a protein content ranging from 9.8% to 
14.6%. They were milled, analyzed and baked in the same way as 
the 44 samples already discussed, except that 1% malt and 0.001% 
KBrOs; only were used as an improver. The baking and analytical 
data are reported in Table VII. 

After milling and baking, these flours were peptized by 0.5N 
solutions of KBr and MgSO,. The percentage of total protein 
extracted in these solutions is shown in Table VIII, which also 
includes the loaf volumes and protein contents of the flours. The 


correlations obtained are shown in Table IX. Inspection of this 
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TABLE V 
Protein Content, Loar Votumes ANp Percentace or Torat Prorein Exrracrup 
IN Harr Norma Sorivutions or KBr ann MgSO, ror Fiours 
Mictep From Marovuis Wueart or 1929 Crop 
Loaf Volume, cc. Protein Extracted, % 
No. Crude 
Protein Basic Improver KBr MgSO« 
% 

1 12.0 540 535 31.2 17.9 
2 11.5 475 515 81.4 SY.F 
3 11.0 450 440 31.3 17.3 
4 12.6 455 555 27.9 15.8 
5 11.9 465 515 31.4 16.1 
6 12.0 470 500 80.2 17.9 
7 11.7 440 475 31.9 17.6 
8 12.1 490 500 31.8 15.7 
9 12.9 475 560 31.0 16.0 
10 11.3 465 465 31.7 19.3 
13 14.7 520 680 28.3 16.0 
14 15.2 525 650 20.5 15.2 
15 10.5 450 455 28.7 18.4 
16 13.1 500 550 27.7 16.9 
17 10.1 445 470 31.8 19.4 
19 11.2 445 500 28.9 18.5 
20 11.3 463 560 25.5 19.0 
| 21 11.5 446 490 20.0 18.8 
22 12.9 500 525 28.5 15.2 
23 10.4 487 520 25.5 19.8 
24 12.7 502 610 25.5 17.1 
25 16.0 529 730 21.8 15.2 
26 12.6 472 620 21.8 16.6 
28 10.4 900 505 31.6 16.7 
29 13.8 520 670 28.8 16.9 
31 13.6 525 615 26.7 17.7 
32 11.5 490 540 30.8 17.8 
33 10.6 505 525 31.5 19.7 
o4 10.7 475 510 81.5 19.1 
35 14.2 545 630 28.8 15.8 
36 13.4 534 605 27.4 15.4 
37 11.0 490 540 29.3 19.9 
i8 10.8 507 516 29.4 17.6 
39 12.8 30 552 28.2 17.4 
40 12.2 b05 530 29.7 17.1 
41 12.5 495 558 28.9 7.3 
2 12.4 515 580 30.2 17.8 
3 14.7 505 644 21.4 15.7 
44 14.5 535 650 22.7 16.6 
61 9.0 _ 445 410 34.9 20.5 
62 11.2 470 490 29.7 17.5 
63 9.1 435 440 34.0 19.5 
64 10.8 475 510 29.2 16.3 
yf 505 525 26.0 15.0 


ee en ase 
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PEPTIZATION AND LOAF VOLUME 


Descriprion oF Wueatr SAMPLES 


TABLE VI 


(1928) 





Vol. 8 








Weight 
per Imperial 


Crude Protein 


(13.5% 


moisture basis) 





TABLE VII 


Grade Bushel, Ibs. Per Ct. 

No. 2 Northern 66 14.1 
No. 5 63%. 13.9 
No. 6 55% 14.3 
No. 2 Northern 63 10.5 
No. 4 65 12.8 
No. 4 62 12.8 
No. 4 64% 9.8 
No. 4 63% 14.6 
No. 2 Northern 64 11.6 
No. 3 Northern 66 10.8 
No. 1 Northern 66 14.4 
No. 1 Northern 66 é 




















? Improver. 


BakING AND Awnaryticat Data Optrainep on Fiours Mittep FROM Pure Strain 
Marovuis Wuears or 1928 Crop 
Crude Water Loaf Scores 
Pro- Mois Absorp- Vol- Tex- Sym- Baking 
No tein Ash ture tion ume Color Grain ture metry Score 
t/, % % “4 ec. 
B' 557 17 7 8 9 97 
15 12.9 0.51 15.8 62 I? 625 20 9 8 10.5 109 
B 610 16 9 9 10 105 
16 12.8 46 13.5 63 I 615 18 10 9 10.5 108 
B 605 11 6 7 10 94 
17 12.8 545 15.9 64 I 595 12 8 7 10 96 
B 515 Ls . 6 88 
18 9.5 910 13.0 62 I 531 15 9 9 7 93 
B 505 16 7 9 ~ 90.5 
19 12.0 465 12.9 63 I 562 17 9 8 9.5 99.5 
B 510 15 8 8.5 8 90.5 
20 11.9 420 12.9 63 I 557 18 9 fa 9 99 
B 477 17 8 a 7 88 
21 8.8 425 12.9 63.5 I 470 19 9 7 6 88 
B 590 22 10 10 11 112 
22 32.7 315 12.7 63 I 630 22 11 9 11 116 
B 530 20 10 9 7 99 
25 10.6 435 13.5 63.5 IT 490 16 6 8 5 84 
B 517 19 9 9 6 95 
26 9.7 425 13.7 63.5 I 510 18.5 7 8 4 R88 
B 522 16 7 7 7 89 
o7@ 13.2 135 12.7 61 I 630 21 10 9 11 114 
B 522 18 a 8 5 91 
28 11.8 O.3R87 12.7 61.5 TI 540 17 10 10 9 100 
* Basic. 
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table shows a similar relation when the loaf volumes obtained by 
the two baking methods are correlated with the protein of flour 
and total percentage of protein peptized by KBr and MgSQ,. 


TABLE VIII 


Tasie SHowinc Protein Conrent, Loar Votumes anp Percentace or Torar Protein 
Extractep in Harr Norma Sorvutions or KBr ann MgSO, For 
12 Frours or 1928 Crop. 























Loaf Volume Protein Extracted, % 
Crude 
No. Protein Basic Improver KBr MgS0O« 
% ee. AY, 

15 12.9 558 620 32.5 . 19.2 
16 12.8 610 615 33.1 19.4 
17 12.8 605 595 36.0 22.0 
18 5 515 531 37.2 23.6 
19 12.0 505 562 33.5 21.0 
20 11.9 510 557 33.7 20.7 
21 8.8 477 470 36.7 24.4 
22 12.7 590 630 32.7 19.5 
25 10.6 530 490 34.4 21.9 
26 9.7 517 510 36.0 22.1 
27 13.2 522 630 31.6 19.9 
28 11.8 522 540 32.9 20.1 

TABLE IX 


CorretatTions Berween Prorein Conrent, Percenrace or Torar Prorein Peprizep, 
anp Loar Vo.iumes sy Two Baxinc Mernops 

















No. Baking Correlated Correla- Probable 
Samples Method With tion Error Tex/ FP. B. gs 
12 Basic Protein of flour + .7026 + .0986 7.13 < .02 
Improver Protein of flour + .9074 + .0344 26.38 <.01 
12 Basic KBr Extract — .2723 + .1803 1.51 >.1 
Improver KBr Extract 6374 + .1156 5.51 < .05 
12 Basic MgSO, Extract — 5411 + 1377 3.92 oe) 
Improver MgSO, Extract — .7974 + .0709 11.24 <.01 
Summary 


A series of 11 experimentally milled flours were peptized by 
three methods, and the per cent total protein extracted computed. 
The results were taken in pairs and the correlation coefficient cal- 
culated. The correlations between improver loaf volume and per 
cent total protein peptized were also computed. The differences 
between these coefficients were not found to be significant, when 
the Z transformation of Fisher was used. The effect of tempera- 
ture and length of extraction period upon per cent total protein 
extracted by the method used in this study was investigated. The 
quantity of protein removed was found to increase quite rapidly 
at first, but no appreciable change was detected after the initial 30 
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minutes. Temperature did not appear to have any significant effect 
upon the quantity of protein extracted, except in the case of the 
water suspension, when a slight increase with rise in temperature 
was noticed. 

Forty-four flours of 75% extraction, milled from 1929 crop 
Saskatchewan Marquis wheat of contract grade, were peptized by 
0.5N solutions of KBr and MgSO,, and the protein extracted calcu- 
lated as per cent of the total protein, also as peptized and non- 
peptized protein fractions of the flour. Correlations between per 
cent total protein peptized and improver loaf volume, were lower 
than between total protein and improver loaf volume, and show 
less probability of forecasting loaf volume. The relationship be- 
tween non-peptized protein and improver loaf volume is not signifi- 
cantly different from that involving total protein and improver 
loaf volume, and is of equal value in predicting baking strength. 
The corresponding correlations obtained with the basic loaf vol- 
ume were not so large, and are relatively of less practical impor- 
tance. : 

Further, 12 flours milled in a similar manner from 1928 pure 
strain Marquis, grown at various Saskatchewan points including 
grades from No. 1 Northern to No. 6, gave a higher negative corre- 
lation between per cent total protein peptized and improver loaf 
volume than between per cent total protein peptized and basic loaf 
volume. 
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PROGRESS REPORT OF THE COMMITTEE ON STANDARD- 
IZATION OF LABORATORY BAKING 


C..H. Battey, Chairman 


(Received for publication January 5, 1931) 


The Committee on Standardization of Laboratory Baking con- 
vened at University Farm, St. Paul, Minnesota, on January 5, 1931, 
with six of the members of the committee present. 

Mr. Paul P. Merritt, Research Fellow of the American Associa- 
tion of Cereal Chemists, presented a report of progress of the work 
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conducted during the period up to December 31, 1930. This report 
follows. It was discussed at some length by the committee, and 
was then approved, and it was voted that it be published in the 
January issue of Cereal Chemistry. 

Following the acceptance of the report, the outline of the work 
to be conducted next was discussed at length, and it was agreed 
that detailed attention would be given to the items of mechanical 
mixing procedure and to the characteristics of bread produced by 
baking in different types of ovens. 


Preliminary Report of A. A. C. C. Research Fellow on 
Experimental Baking Test 


P. P. MERRITT 


(Submitted January 5, 1931) 


At the time that the Research Fellow reported at the Nebraska 
Experiment Station on September 1, 1930, the baking laboratory 
was not quite ready for operations. This was due in part to altera- 
tions that were to be made in the electric wiring, as necessitated by 
special current requirements of the several pieces of equipment. 
The new proofing cabinet and moulder arrived on September 2, 
1930, and some further delay was occasioned incident to their 
installation and to the tuning up and calibrating of the tempera- 
ture controls in the cabinet. 

Considerable time was occupied in preliminary work incidental 
to the installation and adjustment of the various items of equip- 
ment, and in becoming familiar with the operation of these devices. 
The adjustment of the moulder required rather extensive prelim- 
inary work. The same was true to a lesser degree in the instance 
of the ovens. The new spotless metal pans that had been purchased 
for this work had to be “broken in” by heating them a number of 
times before they could be used with satisfaction. Thus, in the 
first attempts to use these pans, large holes frequently appeared 
near the bottom of the loaf, and the loaves likewise tended to draw 
away from the pans, particularly at the bottom. This trouble grad- 
ually disappeared with the extended use of the pans and most espe- 
cially with frequent light greasing of the pans. 

The flours used in these preliminary studies included a 95% 


bleached bakers flour, milled by a Nebraska milling company and 
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designated as Nebr. Flour No. 1. Later another similar flour was 
secured from the same source, which is designated as flour No. 
2. Two samples of flour were obtained from a Minneapolis mill, 
one of them being bleached (flour No. 3) and one of them un- 
bleached (flour No. 4). The results of the analysis of these four 
flours were as follows: 














Flour Ash Moisture Crude Protein 
Jo Jo % 
1 0.45 13.76 11.29 
2 45 13.00 11.20 
3 47 13.66 14.76 
4 0.47 13.40 14.82 





Flour No. 2 was bleached less heavily than Flour No. 1, and 
gave larger loaf volumes. The Minneapolis flours had a high con- 
tent of protein and gave loaves of large volume. In each instance 
the flours were stored for 6 weeks before being used, and were 
then placed in tin lard cans, each holding about 35 lbs. of flour, 
and these were thereafter stored at 0° C. until time for withdraw- 
ing sub-samples for testing purposes. 

Yeast was delivered in pound lots on Wednesday and Saturday, 
and kept in an ice box. After a brief experience, it was kept on 
ice until just before mixing time for each dough. Salt and sugar 
were used in solution, 15 cc. of which contained 2.5 g. sugar and 
1 g. salt. Hand mixing was done in a round bottom bow! slightly 
larger than the fermentation bowls, and with a limber spatula. 
Machine mixing was done in a Fleischmann mixer, the bow! of 
which makes 92 r.p.m., and the pins 169 r.p.m. 500 g. flour was 
used in machine mixing and the dough immediately scaled off into 
5 equal parts. 

The first undertaking was to compare hand with machine mix- 
ing, using Flour No. 1, and later with the other flours. Flours 3 and 
4 acted alike, having almost the same volume, so the bleached flour 
was used in most of the work, more of it being available. Consid- 
ering only Flour No. 1, hand mixing gave the following averages: 


Standard Deviation, 10.02. Coefficient of Variation, 2.08. 
Average Volume, 474 cc. Variates 160. 

Machine mixing (11% minutes) gave: 

Standard Deviation, 10.49. Coefficient of Variation, 2.12. 
Average Volume, 494 cc. Variates, 210. 


Of the two methods of mixing, machine mixing gave the 
greater loaf volume with all flours, regardless of whether the mix- 
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ing period was 45 seconds or 3 minutes, or any period within that 
range. The external characteristics were the same except that 
the break was smaller in the hand mixed doughs. Internal char- 
acteristics of grain and texture could not be distinguished one 
from the other. 

Machine mixing varying the mixing period was carried out 
using 45 seconds, 1 minute, 2 minutes and 3 minutes respectively. 
A mixing delay occasioned by the pins kicking the ball of dough 
around in the bow! was noticed, and it averaged about 20 seconds. 
The loaf volume increased with the lengthening of the mixing 
period. Variability was least at two minutes, which was thereafter 
used as a standard mixing period, and greatest at the extreme 
periods, due in the case of the 45 second period to unequal mixing 
and probably due to more or less gluten development in the case 
of the 3 minute period. External characteristics were practically 
the same over the entire range. The grain was constant, with a 
slight improvement in texture as the period was lengthened. 


Dara on Macuine MIXING 








Standard Coefficient of Average Loaf 
Time Deviation Variation Volume Variates 
ec. 
45 sec. 15.21 3.09 490 90 
1 min. 11.64 2.37 493 85 
2 min. 10.30 2.01 507 90 
3 min. 17.49 3.32 525 60 





Absorption studies on Flour No. 1 were made, varying the 
absorption by 2 cc. intervals from 58 cc. to 66 cc. per 100 g.. flour. 
All loaves were hand mixed and machine moulded. The averages 


follow: 


Coefficent of Average Loaf 








Standard 
Water Deviation Variation Volume Variates 

ec. ee. 

58 8.98 2.00 437 16 
60 6.57 1.47 446 16 
62 9.65 2.07 461 16 
66 7.73 1.61 469 16 
64 7.66 1.64 464 16 


Internal and external characteristics were practically the same 
in variability, and 64 cc. per 100 g. flour were thereafter used with 


all flours. 
The effect of greasing the pans daily in comparison with bak- 
ing successively in ungreased pans was studied, using all four 
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flours. Greased pans showed a standard deviation of 7.6, coefficient 
of variation 1.41, and average loaf volume of 512 cc. Dry pans 
showed standard deviation 8.61, coefficient of variation 1.77, and 
loaf volume 515 cc. Greasing did not significantly influence loaf 
volume of other characteristics, and eliminated the trouble from 
holes and heaving up from the bottom of the loaves. Variates, 
55 on each. 

Hand versus machine moulding on three flours, with both hand 
and machine mixed doughs was studied. 





Average Loaf Variates 





Standard Coefficient of 





Treatment Deviation Variation Volume 
eC 

Hand moulded, 

Hand mixed 11.38 2.01 518 60 
Hand moulded, 

Machine mixed 18.89 3.20 563 60 
Machine moulded, 

Hand mixed 13.02 2.65 493 60 
Machine moulded, 

Machine mixed 14.32 2.56 526 60 





In this series, the hand-mixed loaves exhibited lower variabil- 
ity and loaf volumes were smaller than the machine-mixed loaves, 
regardless of the method of moulding. With all four flours, hand 
moulding gave larger loaf volumes than machine moulding where 
the doughs were mixed by hand. When machine mixed, hand 
moulding produced larger loaf volumes than machine moulding 
with the Minneapolis high protein flour, but with the weaker flour 
the advantage in volume was in favor of machine moulding. 

A few tests involving adjustments of the moulder of rolls at 
2, and the shoe at 1 11/16 inches measured vertically from exit 
end of the shoe to drum, gave the optimum loaf volume with fair 
uniformity as to external and internal characteristics. All previous 
moulding had been done with this setting. However, it was con- 
sidered desirable to measure the effect of varying the setting of 
the compression plate in relation to the drum. In the following 
table the different settings are indicated as the distance from the 
exit end of the compression plate vertically to the drum: 











Distance Standard Coefficient of Average Loaf 
Inches Deviation Variation Volume Variates 
ee. 
1 11/16 13.67 2.34 582 60 
1 10/16 13.76 144, 535 60 
1 9/16 6.98 144 474 60 





There was some loss in volume in passing from 1 11/16 to 
1 10/16 inches, but a far greater reduction in reducing the setting 
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from 1 10/16 to 1 9/16 inches. These reductions in volume were 
featured by progressive lack of oven spring, and a progressively 
coarser grain, which was more noticeable in the weaker than in the 
stronger flours. 

For the purpose of estimating the magnitude of the probable 
error of a single measurement of loaf volume, a wooden loaf model 
was measured 20 times. The standard deviation was 3.18, indicat- 
ing a probable error of plus or minus 2 cc. 


Summary 


Hand mixing by a single operator gave smaller loaf volume 
and less variability than machine mixing with all four flours 
studied, with but slight differences in other characteristics. 
Lengthening the mixing period increased loaf volume progressively 
up to three minutes of mixing with the Fleischmann machine. 

In absorption studies loaf volume increased progressively with 
additions of water from 58 to 66 cc. per 100 g. flour with Nebraska 
Flour No. 1. 

With spotless metal pans, light greasing produced no signi- 
ficant changes in loaf volume or other characteristics, but reduced 
variability slightly. 

In a comparison of hand moulding and machine moulding, the 
results are dependent upon the flour. With the stronger flours hand 
moulding resulted in larger loaves than did machine moulding in 
the instance of both hand and machine mixed doughs. Doughs 
mixed by'the machine exhibited a greater variability, however, due 
to “bucky” doughs. With the weaker flours, hand moulding yielded 
larger loaves than machine moulding in the instance of hand mixed 
doughs, but with the machine mixed doughs the loaves were larger 
when machine moulded than when moulded by hand, although there 
was greater variability among the former. 

In a study of the adjustment of the shoe of the machine 
moulder, it was observed that the loaf volume decreased progres- 
sively as the shoe was brought closer to the drum in effecting 
adjustments ranging from 1 11/16 to 1 9/16 inches, the greatest 
difference being effected through the range between 1 10/16 to 
1 9/16 inches. The characteristics of the finished loaf were modi- 
fied somewhat with these adjustments of the shoe, particularly as 
to grain and texture of the crumb in the instance of the weaker 
flours (No. 1 and No, 2). Variability in loaf volume was greatest 
in those instances where the loaf volumes were large in these com- 
parisons. 


























BIOMETRIC ANALYSIS OF CEREAL-CHEMICAL DATA 
I. VARIATION 


ALAN E. TRELOAR 


Department of Botany, University of Minnesota 


(Received for publication January 7, 1931) 


Introduction 


In the rapid evolution in comparatively recent times of the bio- 
logical sciences from the stage of simple descriptive recording of 
observations concerning organisms and vital processes, through 
the period of comparative studies of increasing refinement to the 
present wide application of the experimental method there has been 
a constant transference of ideas inspired by and derived from the 
more highly developed systems of thought and technique of the 
maturer sciences. A worthy portrayal of the action of the influences 
that have stimulated sensitive responses in the master minds of 
biological science would form a most fascinating and truly in- 
valuable series of volumes in the annals of human achievement. 
Merely to reflect upon the impregnation of mathematical thought 
into the reasoning processes today in biological and sociological 
research challenges one with a sense of realization of the, molding 
forces at play. 

It was entirely logical with the advent of the experimental 
method as a major technique in biological investigation, that “the 
attempt should be made to interpret biological phenomena in terms 
of the more highly developed sciences of physics and chemistry 

in which it has long been realized that progress depends up- 
on the exactness of the control of the conditions of experimenta- 
tion, the precision of the measurements and the adequacy of the 
mathematical description and analysis of the measurements which 
have been made” (Harris, 1928). The “penetration of the mathe- 
matical leaven into the biological lump” has received a tremen- 
dous stimulus in our own times from a school of workers who were 
cradling their profound and difficult science at the time that cereal 
chemistry was coming into being as a prominent branch of the 
fast-growing phytochemical tree. Under the initial leadership and 
inspiration of Francis Galton a coterie of workers in England de- 
voted themselves to the task of developing “mathematical formu- 
lae suitable for the analysis of the highly variable data of biologi- 
cal observation and measurement.” Their science, Biometry, under 
the leadership of Karl Pearson, today represents perhaps the most 
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profound contribution to the progress of Biology in many past 
decades, for the small importance of the individual in determining 
a biological or sociological law is recognized by all of wide experi- 
ence as making necessary the mathematical study of large numbers 
in these fields for safe interpretation of observations. ' 

An ever growing experience has already convinced most cereal 
chemists that the highly controlled conditions of experimentation 
available to the chemist and physicist studying elements and mat- 
ter can only in rare cases be simulated in his laboratory. Whereas 
the amount of chlorine to be liberated by electrolysis from pure 
hydrochloric acid may be determined with a high degree of exacti- 
tude in a single trial, the fermentation power of a yeast prepara- 
tion or even the amount of ash in a sample of flour can only be 
approximately learned from a single analysis, and many trials 
must be made before precision comparable to that of the physical 
chemist is attained. To be sure, precision is a relative term, and 
with the weapons of controllable electronic movements available 
to them, physicists today are learning that what was once regarded 
as absolute is really in most cases likely to be a variation system 
of a range that no longer remains infinitesimal. Thus the mathe- 
matics of probability, which plays a major role in biometric anal- 
ysis, is making and will make increasingly a profound contribution 
to the so-called exact sciences, simply dealing with very much 
smaller quantities than comprise the variation of the results which 
the cereal chemist must interpret. 

It is a matter in which cereal chemists may justifiably take 
some measure of pride that the precision methods of statistical 
treatment early found an important level in the analysis of prob- 
lems by her pioneer workers. The work of Roberts (1910, 1921) 
and Zinn (1923) with univariate and bivariate distribution studies 
did much to raise the standards of, interpretation of cereal data 
beyond the attack of criticism from the point of view of prejudiced 
and unwarranted deductions. No other large group of chemists 
has faced the problem of establishing standards of accuracy in ana- 
lytical work with the frankness and practical approach of the 
statistical analysis of actual results as has been done on a wide 
collaborative scale in the cereal laboratories of the North Amer- 
ican continent. True, only the beginning has been made and tre- 
mendous tasks yet lie ahead, but that start has much of priority 
in it that other biological and chemical workers may emulate. 


1 In marked contrast is the serviceability of any simple gas for the establishment of 
Boyle's Law, or the hypothesis of Avagadro, or other profound laws of chemistry and 
physics. 
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The progress of theory in biometric analysis has far outstripped 
the wide application that should follow most closely to test the 
universality of the theorists’ deductions. This is in part an unfor- 
tunate consequence of modern specialization, and partly of a cer- 
tain apathy of workers in biological fields toward the under- 
standing of reasoning processes that demand effort of a type novel 
to them. This situation is one which spells a severe loss to both 
groups and retards the advance of scientific precision in the fields 
effected. Believing that the deficiency may, in some measure, be 
remedied by “border-line” workers undertaking the tasks of inter- 
pretation, the present series of articles is presented in an endeavor 
to trace, in a most simple form, the elementary groundwork of 
Biometry as it finds application in the field of cereal chemistry 
data. It is hoped that the large group who find the customary 
mathematical text of little aid will in this way be rendered some 
service, offsetting the criticism of the more fortunate few who 
may object to the pedanticism of the following discussion. 


The Mean as a Measure of Type 


The human mind is so accustomed to the use of averages that 
it seems superfluous to discuss that representation of the value of 
a series of measurements which differ among themselves; and yet, 
as is not infrequently the case with the commonplace, the philo- 
sophical implications associated with that constant are but rarely 
considered. It is the function of the mean to provide a primary 
characteristic value which, in a broad sense, summarizes the indi- 
vidual magnitudes in a readily comprehensible single quantity. In it 
every measurement comprising the series is ‘equally represented. 
These individual measurements or observations are referred to by 
statisticians as variates,, and the character being studied as the 
variable. Thus the mean, in summarizing the variates, becomes 
a typical measure of the variable. 

Of the methods available for the calculation of the mean, it 
is entirely adequate for the present purpose to mention briefly two 
methods that will be’ of importance in the discussions that follow, 
perhaps mainly on account of the symbolism they introduce, for 
symbols play a most important role in the economy of human 
thought, permitting the expression of ideas with the maximum of 
clarity, conciseness and precision. 

The variable, be it weight per bushel of wheat, diastatic ac- 
tivity of flour, or any other quantity which varies in magnitude 
from sample to sample, may be represented by any chosen char- 
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acter. Let x represent any variable. Then 1, +2, 73... . - ry may be 
taken to designate the N individual variates which comprise the 
series. If a macron placed above the symbol for the variable be 
employed to represent the average value of the variable, clearly 


ey 
Fas (41 + tat ta +... + 4y) 


or, if the Greek character sigma in the upper case, 3, be employed 
to designate summation of all the values of the variable indicated 
in parentheses 
> * ° 
ee. < Re ONT (i) 
\ 





Not infrequently the values of + are large numbers and the 
summation of a lengthy series of such measurements without the 
aid of a mechanical computing device presents difficulty. In such 
circumstances one may find it helpful to subtract a constant num- 
ber from all the values of + and simply average the residuals. This 
is what is termed by the biometrician “taking moments about an 
arbitrary origin.” Comparable with the terminology of the phy- 
sicist, a moment. in statistics simply means the influence of an 
individual or a group of individuals of a certain numerical value 
with regard to another number on the same scale. Thus +x is the 
moment of x about zero as origin; (#-1*,) is the moment of 
x about the arbitrary origin +,; (+#-¥) is the moment of 
x about‘its mean as origin. These are all first moments. The 
squares of these quantities would be the second moments respect- 
ively, the cubes the third moments and so forth. Employing mo- 
ments about an arbitrary origin, one may write the expression 

Fay eee. (ii) 
N 
For the greatest reduction of labor in computation, the value of the 
arbitrary origin x, is usually selected as a round number approxi- 
mately equal to the average of the series. On this account some 
workers refer to it as “the guess at the mean.” 

The inadequacy of + as a complete description of the variable 
will be apparent to every intelligent worker, for it obliterates 
certain of the most salient features of the series of variates. If 
one may term the mean as the characteristic magnitude of the 
series, for a clear description of the variable it remains a primary 
necessity for the student to measure the distribution of the indi- 
vidual measurements about this characteristic magnitude. 
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Deviation From Type 


Variation must be measured with regard to some fixed point 
of reference. There surely can be no more logical origin for the 
establishment of deviations among a series of measurements than 
x, the value typical of the series. Hence the deviation from type 
of each variate may be expressed as (.-x), or the first moment of 
x about its mean. Obviously, to average these N values for the 
series in order to obtain a single measure of variability for the 
system would be of no avail, for by the définition of -r, 


S(x-7) =0 


The difficulty of positive and negative deviations that just balance 
one another may be removed in either of two simple ways. First, 
the deviations may be summed without regard to sign, and the 
total divided by N to secure the average dcviation. Second, the 
deviations may be squared to give quantities of positive sign 
throughout. If the square root of the average of these second mo- 
ments about the mean be taken, the resultant quantity ‘will be 
again a linear dimension. This latter quantity is known as the 
standard deviation. The almost universal use of the standard devia- 
tion in preference to the average deviation as a measure of varia- 
tion in absolute terms, despite the greater ease of comprehension 
of the latter, is due to the tremendously greater serviceability of 
the former in arriving at simple formulas for the expression of 
more advanced concepts. If the standard deviation were to be re- 
placed by the first moment function for the measurement of vari- 
ability, several decades of notable achievement in statistical analy- 
sis would have to be laid aside for a less fruitful attack upon the 
many problems which already have been solved by its use. 

The lower case Greek character sigma,.o, has become uni- 
versally employed to denote the standard deviation, with a defining 
subscript to indicate the variable referred to. Accordingly the 
equation will be given as 


While this is a most elegant expression in that it shows at a glance 
the nature of the constant, it is ill-suited for practical application 
in that cumbersome quantities result for (#-%) if any degree of 
precision in computation, necessitating several places of decimals 
for x, is observed. For machine calculation, Harris (1910) sug- 
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gested the equivalent and far more serviceable form employing 
moments about zero as origin: 


3(2* —_ . 
6. = 4/502) _ Eg 1 REE Re Oe eer ee Bee (Iv) 


In the absence of a mechanical computing device, the labor of cal- 
culation may be greatly reduced by employing moments about an 
arbitrary origin, using the well known formula: 


YY “4 )\- a “ 
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For the comparison of the variabilities existent in different 
series, it is often helpful to express variation on a relative scale. 
For example, the standard deviation of replicate protein determina- 
tions in a critical study of several workers employing a standard- 
ized technique (Treloar, 1929) is approximately .122% protein, 
whereas in a more general study it has been demonstrated (Treloar 
and Harris, 1928) that the standard deviation of replicate ash 
determinations is of the order of .009% ash. It is not possible 
to compare these variabilities directly because they are on an 
absolute scale. If, however, they be expressed as percentages of 
the respective average values, becoming 0.8% for protein and 1.7% 
for ash, it is at once apparent on this readily comprehensible basis 
that protein is at present the more precise determination. This 
relative measure of deviation is known as the coefficient of varia- 
tion, where 


C.V (or V)=100—% (vi) 


A word of warning may not be out of place in reference to this con- 
stant. In its interpretation caution must always be exercised not 
to neglect the fact that its magnitude is partly a function of 7%. 
To compare by means of the coefficient of variation the consist- 
ency of replicated protein determinations with that of the com- 
parable “blank” determinations will give an entirely fallacious 
representation of the information desired. In this case the values 


of a, should be directly compared. 

Two other measures of variation of more limited service in 
studying the distribution of variates may be mentioned. These are 
range and probable error. The range simply expresses the devia- 
tion between the minimum and maximum values of the variable. 
It has very little value when applied to the sample because of the 
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large errors of random sampling attaching to these extreme values. 
Moreover, these minimum and maximum values of the variable 
are not infrequently determined solely by two or at best very few 
variates. The weakness of the logic that would measure variation 
in the entire system solely by these magnitudes is sufficiently ap- 
parent of itself. Every variate is of importance in determining 
variability just as in the establishment of the average value. 

The probable error is that deviation on either side of the mean 
which embraces 25% of the variates in each direction. It is but 
infrequently used in connection with original variates, although 
reference is sometimes made to the probable error of a single de- 
termination. This latter value gives the range within which the 
central 50% of observations may be expected to fall, usually on the 
assumption that the distribution of the variates follows the normal 
curve of error. It is arrived at by the theoretical procedure of 
multiplying the standard deviation by the factor .6745. 

Insomuch as the probable error has conventionally been em- 
ployed in connection with the variation of statistical constants, 
further attention will be given this measure in a following section 
of this review, but it may be mentioned here that its use is largely 
due to the persistence of convention and not to any added useful- 
ness over the standard deviation from which it is derived. 


The Distribution of Frequency 


That fundamental law of nature which makes it possible for 
us to understand probability, the law which recognizes that varia- 
tion is not chaotic but follows well defined systems, need not be 
emphasized to workers in the field of cereal chemistry. It is mani- 
fest whenever like values in a reasonably large series of measure- 
ments are accumulated in an orderly fashion. While the mean and 
standard deviation are necessary for the precise measurement of 
type and deviation from type, the graphical presentation of the 
frequency distribution involved remains invaluable in clearly pre- 
senting the differences in two or more series of measurements. 
It is not out of place, therefore, to discuss briefly some of the types 
of frequency distribution, particularly as the subject is so pertinent 
to an understanding of the reliability of individual measurements 
and of statistical constants. 

One may perhaps be permitted for clarity of presentation to 
center this discussion about a few typical examples from pub- 
lished records of cereal data. Bailey and LeVesconte (1924), in 
a study of the serviceability of the Chopin extensimeter, made 10 
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determinations on each of 25 replicate doughs prepared from the 
same flour. The 250 measurements, when seriated into classes, 
form a frequency distribution that is graphically presented as the 
histogram in Figure 1. The heights of the rectangles give the 
number or frequency of the tests that gave results falling between 
the limits demarked on the base scale by the vertical sides of the 
column in each case. Grouping into classes of greater range than 
the smallest unit of original measurement is necessary because 
with the finer classes the frequencies in each would be so small, 
and the errors of random sampling so magnified, that the true 
nature of the curve would be considerably obscured. Speaking in 
terms now of the uit of grouping employed in the graph, which in 
this case is one unit of “extensibility,” the area of the entire set of 
columns gives the total number of tests represented, whereas the 
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FIGURE 1 
Histogram of the distribution of 250 determinations of extensibility of 25 replicate doughs 
prepared from the same flour (Bailey and LeVesconte, 1924), with the 
fitted curve of frequency superimposed 

area between any two vertical rules gives the number of tests 
falling between those limits. The ratio of the latter to the former 
will then give, according to the sample itself, the probability of 
tests falling within the designated range. Specifically, the proba- 
ibility of obtaining extensibility values for these doughs below 14.1 
units is 3/250 = .012, or 1.2%. 

As a basis of generalizations, the histogram above has very 
definite limitations due to the relatively small number of tests it 
represents and the coarse grouping that consequently has had to 
be employed. If a very large number of tests were available, so 
that a unit of grouping equal to 1/10th of a unit of extensibility 
could be employed, each of the rectangles in Figure 1 would be 
split into 10 rectangles, not all of the same height as portrayed in 
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the figure above, but changing in a systematic manner from one 
to the other as do the coarse groups in the present sample. If an 
infinite number of tests were available, it is most likely that, with 
the infinitely fine grouping then possible, a distribution would be 
obtained of the type given by the flowing line in Figure 1. This, 
then, is the purpose of curve fitting: to determine from the sample 
by statistical procedures the most likely form of the distribution 
if an infinitely large number of individual measures of the variable 
were available. Insofar as it is possible to make valid deductions 
from the sample, one should employ the curve instead of the histo- 
gram. Thus the probability that values for extensibility up to 14 
units will be obtained becomes corrected to a value of 2/250 = 0.8%. 
This discussion may not attempt the task of detailing the 
methods to be employed for curve fitting. The enquiring reader 
may be referred to the brief abstract by Elderton (1906) of the 
fundamental memoirs of Karl Pearson for satiation of his desire. 
However, brief reference must be made to a very fundamental 
curve of statistics, namely the “normal” curve, and the general 
characteristics of some other common types of distribution. 
Frequency systems may be broadly divided into two groups, 
the symmetrical and skew distributions of the statistician. Figure 
1 belongs to the former group, wherein positive and negative 
deviations from the mean are equally balanced. In the skew dis- 
tribution this balance of frequencies about the mean is not realized, 
the peak of the curve being “pushed off center” so to speak. The 
point of greatest frequency is known as the mode, and hence vari- 
ous functions of the separation of the mean and the mode are 
employed as measures of skewness. Within these groups the fre 
quency distributions are classified chiefly according to whether 
the curves end abruptly on the base line on one or both sides of the 
mean, or approach the base line as an asymptote; i.e., according 
to whether the range be limited or infinite in either or both direc- 
tions. According to this scheme Pearson has classified the distri- 
bution of frequency into seven types and provided criteria based 
on the first four moments of the systems to enable workers to 
identify the types and fit the curves to observational data. 
Mangels (1927) has classified the distribution of protein in 
three crops of North Dakota H.R.S. wheat according to this Pear- 
sonian series, but did not fit the curves. In Figure 2 the histogram 
and fitted curve for the distribution of protein content in 546 sam- 
ples of H.R.S. wheat according to the data presented by Thomas 
(1917) is presented. This system illustrates a skew distribution of 
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limited range in the direction of low protein but unlimited with 
regard to high protein. Here the motle occurs at the value 12.5% 
protein, while the mean is 13.85%. The standard deviation (1.53%), 
measuring the dispersal of the system, does not lead to a definite 
pair of points on the curve as in the case of the “normal” distribu- 
tion. 

There is not any curve of frequency distribution of greater 
service for the smoothing of variable measurements or the repre- 
sentation of the distribution of replicated constants, than that 
known as the normal curve of error. De Moivre, in 1733, estab- 
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FIGURE 2 


Histogram for the distribution of percentage protein in 546 samples of H. R. S. wheat, 
according to the data of Thomas (1917). The fitted curve belongs to 
Type III of the Pearsonian series. 
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lished this law of the distribution of chance variation under the 
influence of the intense interest of the 18th century nobility and 
gentry of England in the outcome of games of chance. It is given 
by the expansion of the binomial (a + b)" when a = 6 and 7» is infin- 
ity. De Moivre’s work lay buried, the credit being given to the 
subsequent “discoverers” La Place and Gauss, until quite recent 
times (Pearson, 1924), so that the curve is still frequently referred 
to under the names of the latter workers. It is a symmetrical curve 
of theoretically infinite range, and portrays the distribution of a 
variable when chance alone, composed of equal probability for and 
against the event, determines the variation. Outside of its tre- 
mendous importance in establishing the distribution of many funda- 
mental constants to be expected from random sampling, it provides 
the equation for smoothing many simple variables. A typical bio- 
logical case is provided in the stature of human adults. In the field 
of cereal chemistry an interesting example is found in the distribu- 
tion of Joaf volume when the influence of protein content of the 
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flour is removed (Treloar and Larmour, 1931; Treloar, Harris, 
Sherwood and Bailey, 1931): The fundamental significance and 
usefulness of the normal curve both in the biological and social 
sciences as well as in theoretical statistics has led to the prepara- 
tion of tables (notably by Sheppard 1901,—republished by Pearson, 
1924) to enable workers to readily apply it to actual data without 
onerous calculation. . 

In order to completely define the normal curve smoothing any 
series of observations or deductions, it is merely necessary to know 
the mean and standard deviation of the series; the former fixes the 
position of the curve on the scale of dimensions, and the latter 
determines its spread, for the standard deviation is the distance 
from the central axis (the mean) to the point of inflection of the 
normal curve. Although theoretically infinite in range, the curve 
becomes essentially a part of the base line at a distance on either 
side of the mean equal to three times the standard deviation. 

On account of the ease of application of the normal curve of 
error, theoretical deductions are frequently made from it on the 
assumption, which must be philosophically sound, that it repre- 
sents the form of the data under consideration. This is justifiable 
only in those cases where the data is too scant to permit of the 
intelligent application of mathematical criteria to establish the 
true curve form. 

Now it is not illogical, in the absence of more accurate studies 
of human bias in chemical analysis, to believe that the errors made 
by a careful analyst in replicating the protein determination on a 
uniform sample of flour, will be of a random nature that is attribu- 
table to the combination of chance factors. That is, the distribu- 
tion of the analyses may be expected to accord with the normal 
curve of error. If sufficient determinations are available to enable 
the calculation of a dependable standard deviation, the curve of 
error may be drawn and from it the probabilities determined (as 
indicated previously) that errors between any given limits will 
occur. Initial work of this type has been undertaken by the Asso- 
ciation’s Committee on Methods of Analysis (Treloar, 1929). The 
curve obtained therein was based upon the average standard 
deviation of 20 replicates by each of several workers, and the posi- 
tion of occurrence of ordinates marking off the central 50%, 80% 
and 99% was determined by obtaining the probable errcr of a 
single determination to establish the first mentioned zone, and 
then multiplying this value by 1.9 and 3.8 respectively for the other 
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two values, the ordinates being erected on either side of the mean 
to demark the respective zones of probability. 

The above method of establishing probability is equally applic- 
able to ail types of frequency distribution, with this reservation, 
of course, that different numerical factors to those above will be 
needed in non-normal curves. 

Too much stress cannot be laid upon the necessity of obtain- 
ing the correct graduation of the system involved if the deductions 
are to be accepted as valid generalizations. A fundamental problem 
of the biometrician in practical issues is to convince the worker, 
whether he be biologist, bio-chemist, bio-physicist, or social sci- 
entist, of the dangers of drawing conclusions from too few observa- 
tions, from which it is often impossible to know the extent and type 
of variation that must be interpreted. Tremendous sums of money 
are being wasted annually through the fervor of investigators for 
extensive rather than intensive research, and cereal chemistry is 
not entirely free of the criticism. 


The Concordance or Disagreement of Observation and Theory 


In variation studies one is not infrequently confronted with 
the situation as to whether an observed distribution differs only 
by the errors of random sampling from a theoretical distribution 
known, perhaps, a priori; or whether two or more observed distri- 
butions that differ among themselves could have arisen as random 
samples from one general population. The geneticist frequently 
faces the problem as to whether segregating generations agree in 
their frequency proportions with a known type of Mendelian ratio, 
or the cereal chemist wishes to decide whether there is essential 
agreement between a variable series of analyses and some expected 
curve or another series of analogous determinations. The methods 
of approach to the solution of such problems must fall into two 
general classes. First, the distributions must be directly compared 
in themselves; or second, constants derived from the distributions 
must be contrasted in relation to their probable errors. While a 
little may be said in reference to the second category of methods 
later in this discussion, it is the present purpose to direct the 
reader’s attention to the powerful tool of analysis under the first 
head provided by a monumental work of Pearson (1900). This is 
known as the *, P criterion, by means of which it is possible to 
determine very simply with the aid of Elderton’s tables (1901— 
republished by Pearson, 1925) the probability that the existing 
differences or greater ones could have arisen through the errors of 
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random sampling alone. If O be the observed frequency in any 
class of the variable, C the corresponding theoretical frequency, 
then the sum of the entire series of quantities (O-C)?/C gives the 


2 


7° value. 


The corresponding probability that the discrepancy is merely due 
to chance is determinable by interpolation in Elderton’s tables. 

In an extension of this method, Pearson (1911) has considered 
the case where two observed distributions are to be compared as 
having possibly both originated from the same, but unknown, 
population of measurements. The formula for y*, for which the 
reader is referred to the original paper, is quite similar, and P, the 
probability of common origin of the two, is obtainable in like 
manner. 

Before considering the second category of methods of com- 
parison, it may be well to devote some thought to the general 
problem of the variation of statistical constants. 


The Probable Error Concept 


It is a simple philosophy that the trustworthiness of any 
statistical constant must be a function, in part at least, of the 
variability of the original measurements and the number of them 
‘upon which the constant is based. And yet a clear grasp of this 
dictum will go a long way toward clarifying to the lay mind the 
whole concept of probable errors, for these latter quantities are 
simply the needed functions as provided by the mathematical 
statistician. There is no need for the biological worker to attempt 
to follow the oft-times intricate processes of mathematical reason- 
ing that lead to the establishment of these functions. There is, 
however, weighty reason why he should intelligently grasp the 
interpretation of probable errors if he is to lay claim to sound 
processes of logic in his deductions from variable data. 

The probable error eoncept flows very smoothly from a under- 
standing of the general principles of frequency distributions 
already briefly discussed in these pages; for any statistical constant 
determined from a sample is simply one member of a series of like 
constants which would arise if the experiment were replicated. 
These constants, upon seriation, would comprise a smooth distribu- 
tion. The drawing of conclusions would be very much simplified if 
it were possible to replicate the constant a sufficient number of 
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times to fully establish the position in space and standard deviation 
of its frequency curve. However, there are economic limitations to 
most research programs, and not infrequently the worker must be 
content with the information provided by the single constant and 
its probable error. This probable error value is simply the best 
measure available under the circumstances to define the spread of 
the frequency distribution to which the constant belongs. It is 
comparable to the standard deviation of the replicated constants 
if they were available, except that it is just .6744898. .. of that 
standard deviation, and is theoretically arrived at from the know]- 
edge of the distribution of the original variates. Indeed, the old 
convention of multiplying by this factor (.6745) to give the zones 
of equal probability on the distribution curve (a habit adopted 
from a practice of the astronomers), is now being dropped, but 
a compromise is being made by using the term standard error to 
mean the standard deviation of the curve of replicated constants. 
Thus, if k be any constant whose distribution follows the normal 
curve of error. 


P.E.4, = 67448986, 


This accounts for the constant occurrence of this numerical factor 
in probable error formulas, the standard deviation (or standard 
error) being theoretically deduced first and then reduced to the 
form “probable error.” 

No attempt is being made in these pages to detail all the con- - 
siderations which came into the establishment of probable error 
formulas. It may, however, be stated that if the original variates 
are distributed in the form of a normal curve the commonly used 
formulas: 


P.E.z = 6745 Oc/ VN 
P.E.6, = 6745 6:/ /2N 


may be rigidly employed. If the frequency distribution of the 
variates differs widely from the normal curve, the formula for 
P.E., may still be applied with safety if + is based upon 20 or more 
determinations (“Sophister,” 1928), but that for P.E.o, must be 
determined from the more precise formula’ (Pearson, 1903). 


P.E.c, = 6745 | #4 — ‘H2)" 
. 4N tte 





1 For illustration of the differences involved for P. E.c, with non-normal] distribution, 


the reader may be referred to the practical illustrations given by Harris and Ness (1928). 
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where pe. and py are respectively the average second and fourth 
moments of the variates about the mean as origin. 

Returning for illustration to the data on extensibility of Bailey 
and LeVesconte presented graphically in Figure 1, it is possible to 
draw the curve for averages of random samples of 10 determina- 
tions from knowledge of the mean and standard deviation of the 
original variates, for the mean of the new curve will be the same 
as that of the original series, and the standard error will be 
(1/10)'/*th part of the original o,. The curve has been drawn and is 
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FIGURE 3 


Theoretical curve for the distribution of averages of 10 extensibility measurements selected 
at random from the data of Bailey and LeVesconte (1924). The 
histogram gives the actual distribution of averages of 10 
trials each on 25 replicate doughs. 


presented as the flowing line in Figure 3. It appears in this curve 
that if the doughs be truly undifferentiated, the conclusion may be 
drawn that the averages of 10 replicates may be expected to vary 
over a range from approximately 16.0 to 19.2 with 17.6 (the mean 
of the series) as the most likely value. If on this curve at a distance 
equal to the probable error on either side of the mean perpendicu- 
lars (given by the heavy broken lines) be erected, one-half of the 
area of the curve will lie between these perpendiculars, and the 
other half equally divided between the two “tails” of the curve. 
If the 25 replicate doughs studied by the above authors differed 
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from one another only in the same manner that repeated tests on 
any single dough differed among themselves, then averages of the 
10 extensibility measurements for each of the 25 doughs should 
follow the above curve. It is of interest to make this comparison, 
and accordingly the histogram for the 25 averages has been super- 
imposed in Figure 3, where very broad grouping has necessarily 
been employed. It is entirely obvious that observation is not in 
agreement with theory in this case, and the conclusion may safely 
be drawn that the discrepancy could not have arisen through the 
errors of random sampling without appeal to the yx’, P criterion. 
The authors’ contention on the grounds of analagous experience 
that replicate doughs from the same flour would be differentiated 
on account of the difficulty of duplicating “all the conditions that 
effect the properties of a substance as sensitive to treatments as 
such material” is entirely borne out in fact by the submitted results. 

Had only 10 determinations been available in the first instance, 
the picture would not have been as clear. One would have had to 
rely upon the standard deviation of the 10 for a measure of the 
distribution of the variates, and would not have known whether the 
single average was equal to the true mean of the large series or 
not. Speaking perhaps loosely for a moment, one may say that the 
probability of occurrence of any particular value within the range 
of a curve is proportional to the height of the curve above that 
point. Obviously the mode is the most likely value. In the absence 
of further information it is entirely logical to assume that the 
single value obtained of the constant is the mode (which is the true 
mean in the normal curve) since that value is the most likely one 
to occur. Thus one theoretically erects a curve about the single 
value obtained as center, expressing its spread by obtaining the 
probable error of that mean according to the formula provided. 
If one was fortunate enough to obtain an average that was equal to 
the true mean the picture would be sound and precise conclusions 
could be drawn. If, however, the single average of 10 happened to 
be one that was not likely to occur very often, i.e., approaching 
the extreme values as noted in Figure 3, the picture would be quite 
erroneous. But,in the absence of further information, and employ- 
ing the logic above, conclusions are usually drawn on the assump- 
tion that the single constant is the true value. This point of view 
is stressed here to emphasize the desirability of working with a 
sufficiently large number of individuals so that the constants ob- 
tained will be highly trustworthy; or, in other words, so that the 
possible variation will be small and hence any error introduced by 
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the above assumption proportionately lessened. It is well to re- 
member that individual constants based on the same number of 
observations and with approximately the same P.E. may be as far 
apart as 7.2 times that P.E. and belong to the same distribution! 
This, however, will only occur about once in one hundred times. 
In like manner there is a definite probability attaching to every 
difference between comparable constants. 


The Significance of Statistical Constants 


It is a trite statement that, in this universe, nothing is great 
or small except by comparison; yet it is not infrequently forgotten 
that this is to state that no magnitude has significance in itself 
unless it involves a comparison. To blindly apply a statistical 
criterion that a constant may be considered significant if it is so 
many times its probable error will therefore lead to false impres- 
sions, for a mean or a standard deviation is a simple magnitude 
and can have no significance of itself. The criterion becomes valid 
at once, however, if reference be made to the difference of two 
constants. 

Referring again to the extensibility study of Bailey and 
LeVesconte (1924), it is apparent that the 25 means for the several 
doughs offer opportunity for the making of 300 different compari- 
sons between individual pairs of these constants. These compari- 
sons may be expressed as differences, and once again (after seria- 
tion) a frequency curve will be found to smooth the distribution 
obtained. Assuming that the differences are determined by always 
subtracting one mean from the other in a definite order, the aver- 
age of these positive and negative differences must equal zero. 
Now if for purposes of the present discussion, thought be directed 
to the fact that the 25 doughs have originated from the same flour 
sample and are true replicates in that sense, the distribution curve 
for zero differences in extensibility would be established by actual 
test. If, from another flour of unknown origin, an average extensi- 
meter reading was obtained and it was compared with any selected 
average from the first series, then if the difference should fall 
within the above curve it could not be said that the two flours dif- 
fered in extensibility of their doughs. If, however, the mean for 
the new flour fell outside the practical range of the curve for the 
first flour, differentiation between the two in dough extensibility 
would be considered to be established. 

Again by mathematical reasoning, the biometrician has to 
attempt to arrive at a knowledge of this curve of differences when 











86 BIOMETRIC ANALYSIS Vol. 8 


he merely has at his command the two single constants and their 
probable errors. It can be demonstrated that, under the more 
common conditions of biological work, this curve is also of the 
normal type, and that its standard deviation is given by the square 
root of the sum of the squares of the standard deviations of the 
two constants. Now since the probable error is a constant fraction 
of the standard deviation on the normal curve, it follows that 





aie PE. Ne RD a eee (viii) 


where a and b are two comparable constants. It. has already been 
indicated that a value distant from the mean greater than 38 






























































FIGURE 4 


Histogram and theoretical curve for the distribution of the 300 individual differences 
between 25 average values for the extensibility of a like number of 
replicate doughs (data from Bailey and LeVesconte, 1924) 


Employing equation (viii), Figure 4 presents the theoretical 
curve of expected differences in extensibility between doughs pre- 
pared from the same flour, and the histogram for the 300 actual 
differences as calculated from the data given. Its chief purpose is 
to emphasize the range of differences in the means that might be 
expected to occur with doughs prepared from the same flour. 
times the P.E. falls outside of the practical range of the normal 
curve. Thus a difference between two constants greater than 3.8 
times its own probable error is essentially different from the mean 
of that curve, and therefore has a significantly different magnitude. 
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Without ‘this knowledge it would be idle to attempt to conclude 
whether ‘two flours of fairly close extensibility were really dif- 
ferentiated in this respect. ; 

A tremendous amount of work in theoretical statistics yet 
remains to be done upon the significance of differences between 
constants. What is stated above may be accepted as well estab- 
lished in application to the difference in average values, provided 
no correlation exists between the variates of the two series from 
which the constants are obtained. Where correlation does exist, 
correction must be made for it, but this is a matter which must be 
reserved for the next discussion in this series. 
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REPORT OF THE 1930 MEETING OF THE ASSOCIATION 
OF OFFICIAL AGRICULTURAL CHEMISTS 


J. A. LeCverc, General Referee 


At the meeting of the A. O. A. C., held in Washington, October 
1930, the following reports of collaborative work were submitted 
by the various associate referees: 

a—H. Runkel—Methods of sampling flour. 

b—M. J. Blish—Glutenin. 

c—L. H. Bailey—Determination of starch in flour. 

d—L,. H. Bailey—Methods for sampling and determination of mois- 
ture in Bread. 

e—G. C. Spencer—Flour Bleaching Chemicals. 

f—J. H. Bornmann—Lipoids and Fat in Baked Products. 

g—S. C. Rowe—Organic and Ammoniacal Nitrogen in air-dried 
baked products. 

h— —— 





—— Moisture in Alimentary Pastes. 

i— ———_————. Collecting and Preparing Samples of Alimentary 
pastes for Analysis. 

j—k. L. Horst—Crude fiber in Alimentary Pastes and in air dried 
baked products. 

k—S. Alfend—Unsaponified matter in flour and in Alimentary 
Pastes. 

I—M. J. Blish—Experimenta! Baking Tests. 
The following recommendations were made by the General 

Referee and adopted by the Association: 





Flour 


(1) That the tentative method (Official, Ist Action) of samp- 
ling flour be made Official, Final Action and that further colla- 
borative work be discontinued for the present. 

(2) That until the chief protein constituents of wheat flour are 
reliably identified and correlated with flour properties or character- 
istics, attempts to develop methods for the quantitative determina- 
tion of glutenin be discontinued. 

(3) That further collaborative work be carried on with the 
tentative (Rask) method of determining starch, and that it be com- 
pared with the more recent modification of the Hartmann and Hil- 
lig method. 

(4) That the tentative Seidenberg method for determining 
chlorine in chlorine-bleached flour be again studied and compared 
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with a modification thereof which consists of adding ammonium 
or sodium bicarbonate to the ether extract, and that studies be 
made for the detection of benzoic acid in flours treated with or- 
ganic peroxides containing a benzoyl radicle. 

(5) That special (non-collaborative) studies be continued of 
the methods for unsaponifiable matter in flour, alimentary pastes 
and baked products in conjunction with the same study on eggs. 

(6) That the study of rapid methods of ashing flour, bread, and 
other baked products be further made. That the study of the na- 
ture of the losses which take place on fusion of ash be temporarily 
discontinued. 

(7) That a comparative study be made of the colorimetric and 
quinhydrone electrode methods of determining the hydrogen-ion 
concentration in order to determine the applicability of the color- 
imetric method to cereal products. 

(8) That studies be made of methods of estimating the dias- 
tatic value of flour and of its effect on the baking value of the flour. 

(9) That comparative tests be made of foreign and domestic 
methods of chemical analysis used as a measure of determining the 
value of the flour. 

(10) That the present tentative method for water soluble pro- 
tein nitrogen precipitable by 40% alcohol be dropped and that in 
its stead the proposed tentative method for “Albumin Nitrogen” 
be adopted. This method reads as follows: 


Place 20 grams of the sample in an 8-ounce nursing bottle, add 100 
cc. of water fom a pipet, shake the bottle to prevent lumping of the sample, 
and add exactly 100 cc. more of water. Mix the contents of the stoppered 
bottle gently by hand or on a slowly revolving wheel for 1 hour. (The 
temperature of the water should not exceed 30° C.) Centrifuge to facilitate 
filtration and filter through a thin asbestos pad in a Hirsch funnel, using 
light suction. Determine nitrogen in 50 cc. of the filtrate as directed in the 
official method? distilling the ammonia into 20 cc. of 0.1 N acid. Run a 
blank on the reagents. Pipet off 100 cc. of the above filtrate into a 200 
ce. volumetric flask, add 15 cc. of sodium chloride solution (28 grams 
diluted to 300 cc.), fill nearly to the mark with 95% alcohol, mix carefully 
to avoid foaming, cool to room temperature, make up to the mark with al- 
cohol, mix well and allow to stand overnight. Pipet off the supernatant 
liquid and filter through an 18% cm. fluted filter paper. Determine nitro- 
gen in 100 cc. of the filtrate as above. (In order to avoid bumping, it is 
advisable to add the sulfuric acid and boil off the alcohol before adding 
the potassium sulfate and mercuric oxide.) Subtract the value obtained 
from the water-soluble nitrogen to obtain the albumin nitrogen. 


(11) That methods for the determination of Os in self-rising 
flour be studied. 





* Methods of Analysis. A. O. A. C. 22: 8 (1925). 
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Alimentary Pastes 


(1) That the tentative method for the determination of mois- 
ture in alimentary pastes be further studied. 

(2) That the (Official, lst Action) method adopted officially for 
the determination of crude fiber in flour be further studied to de- 
termine its applicability to alimentary pastes and bread. 

(3) That the tentative (Official, lst Action) method for fat by 
acid hydrolysis in alimentary pastes be further studied. 

(4) That the tentative (Official, Ist Action) method for lipoids 
and lipoid phosphoric acid in alimentary pastes be studied colla- 
boratively in comparison with the chloroform-alcohol extraction 
method suggested by Mitchell. 

(5) That the present tentative method of collecting and pre- 
paring a sample of alimentary paste for analysis be dropped and 
that the following be substituted therefor: 

Pick out sufficient strips from the lot to be analyzed to insure a rep- 
resentative sample. Break these by hand into small pieces. Mix and grind 
300-500 grams in a mill until all of the material passes through a 20-mesh 
sieve. Keep in a sealed container to prevent changes in moisture content. 

(6) That in Method I for “Total Solids and Moisture” (indirect 
method) delete everything after the Ist patagraph and as thus 
modified the method be made Tentative. 


Bread and Baked Products 


(1) That a study be made of methods to determine milk solids 
in bread. 

(2) That a study be made of methods to determine rye in 
bread. 

(3) That the (Official, Ist Action) method to determine chlo- 
rides in baked products be studied for the purpose of making this 
method Official, Final Action. 

(4) That the tentative Standard Baking Test be continued as 
such, 

(5) That the tentative method for the determination of mois- 
ture in bread be made Official, Final Action. 

(6) That the tentative method (Official, Ist Action) for the 
determination of moisture in cake be further studied. 

(7) That the method for total solids in air-dried bread by 
heating at 130° C. for one hour be further studied. 

(8) That for the purpose of making the usual chemical deter- 
minations in bread one half of the loaf be taken as a sample. (Of- 
ficial, Ist Action.) 
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(9) That the tentative method for determining fat in bread 
by acid hydrolysis be made Official, 1st Action. 

(10) That further study be made of the method to determine 
lipoids in baking products. 

(11) That the tentative method (Official, Ist Action) for the 
determination of organic ammoniacal nitrogen in baked products 
be made Official, Final Action, and that for this purpose the Gun- 
ning and the Kjeldahl-Gunning-Arnold Methods be given prefer- 
ence. 


BOOK REVIEWS 


Milling and Baking Qualities of World Wheats—By D. A. Coleman, et al. 
223 pages. U. S. Dept. Agr. Technical Bulletin 197. For sale by Super- 
intendent of Documents, Government Printing Office, Washington, D. C. 
Price 35c. 

L. $. Department of Agriculture Bulletin 197 is a compilation and dis- 
cussion of milling, baking, and chemical data obtained in examining wheats 
produced in most of the principal wheat-growing areas of the world. The 
bulletin contains considerable information of interest to cereal technologists 
and grain experts. 

Two general types of samples were used for study—namely, varietal 
samples and export samples. In case of varietal samples, the attempt is 
made to secure data on representative samples of all types and varieties pro- 
duced in the particular area. Most of the export samples were obtained from 
the principal wheat exporting areas of the world, namely, Canada, United 
States, Argentina, and Australia. Data is presented for wheat from practically 
every producing country of the world, except Algeria, China, France, Jugo- 
Slavia, and Roumania. Data on acreage and production in the different coun- 
tries is included. 

The bulletin discusses wheat quality from a bread-making standpoint only, 
and does not consider the use of durums and soft wheats for paste and pastry 
products. With regard to presentation of data the authors make this state- 
ment : 

“It is assumed that most of the wheats grown throughout the world are 
ground into flour for bread-making purposes; therefore, in estimating quality 
in addition to milling quality their utility for bread-making purposes has been 
used as the yard stick of quality. Further, the ability of the various flours to 
make bread that suits the American standards of bread-baking has been used 
as the basis of quality throughout. It is conceded that some of the wheats 
that prove inferior under this system of evaluation might make acceptable 
products if a different. standard of baking quality were used.” 

The ot. of wheat were graded according to the Official Grain Stand- 
ards of the U. Department of Agriculture. The milling and baking pro- 
cedures are hom. E. and the chemical determinations were made in accordance 
with the “Methods of Analysis” of the American Association of Cereal Chem- 
ists. The samples of wheat were milled to a “straight grade” flour on an experi- 
mental mill. Milling data presented includes yields of flour, and notations re- 
garding milling characteristics of the wheat and the texture of the flour 
obtained. The baking procedure was a straight dough method using 340 grams 
of flour. The fermentation and proofing time were variable, depending upon 
the type of flour. The baking dita includes time of fermentation and proof- 
ing, absor tion, loaf volume, weight, and other description of loaf character- 
istics. 

Considerable chemical data is presented, but the data are not adequately 
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discussed. Chemical data includes protein, ash, pH, titratable acidity, gasoline 
color value, glutenin, gliadin, and the Gortner g.uten quality index. One very 
informative chemical determination, unfortunately, has been omitted, namely, 
the diastatic activity of the flour. 

The wheats are grouped according to continents in the following order: 
North America, South America, Europe, Asia, Africa, and Oceania. Within 
continents, countries are arranged alphabetically. 


North America—For North America data is presented on wheats from 
Canada, Mexico and the United States. The bulk of the Canadian crop con- 
sists of hard red spring wheat which averages high in bread-making qua.ity. 
The Mexican wheats are low in protein and of inferior baking quality. 

The various types of wheat produced in the United States are represented. 
From standpoint of baking quality the Hard Red Spring wheats of the United 
States were of superior quality, followed by Hard Red Winter types. The 
authors consider the white wheats as being inferior to Hard Spring and Hard 
winter in baking quality, but superior to soft red winter wheats. 


South America—Wheats from Argentina, Chile, and Uruguay were ex- 
amined. Argentina wheat, being an important competitor of United States 
wheat in the world market is of especial interest. The data presented indi- 
cates that the North American hard winter wheats are slightly superior to 
Argentina hard winter types in baking quality. The baking quality of soft 
winter types produced in Argentina compares favorably with the same type 
produced in the United States. 


Europe—Wheats were secured from Belgium, Bulgaria, Czecho-Slovakia, 
Denmark, England, Austria, Germany, Hungary, Ireland, Italy, Latvia, Nether- 
lands, Norway, Poland, Russia, Scotland, Spain, Portugal, Sweden, and Switzer- 
land. With the exception of Russia, all of the above countries produce wheats 
which would be considered as inferior in baking strength. The authors con- 
sider the Russian Hard Red Winter as lacking in baking strength as compared 
to United States wheat of the same type. The Russian durums show a com- 
paratively high baking strength and were the only durums which equalled 
the North American durums in this respect. 


Africa—Wheats were secured from Egypt, Morocco, Tunis and South 
Africa. None of these areas produced wheat of high bread-making quality. 


Asia—Wheats were secured from India, Iraq, Japan, and Palestine. India 
is the most important producer. The authors consider the Indian white wheats 
as tnferior in baking quality to those of North America and Australia, and 
further state that “apparently Indian wheats should be blended with other 
wheats to obtain the best results.” A sample of Marquis from India showed 
very good baking quality. 


Oceania—Wheats were secured from Australia and New Zealand. New 
Zealand wheats lack strength. Australian wheats are mostly common white 
wheat of winter habit and are of fairly good baking’ strength. The authors 
consider Australian white wheats as equivalent to North American white 
wheats in baking strength. 

Considering the large volume of data presented in Bulletin 197 the dis- 
cussion is rather brief. This criticism applies particularly to the chemical 
data and to a lesser degree to other data presented. Some unnecessary dupli- 
cations in data occur, e.g., the milling yield is given both as percentage of 
flour, and pounds of wheat required for a barrel of flour, and the weight of 
loaf as well as pounds of bread per barrel of flour. 

After a careful reading of Bulletin 197, one cannot help but be impressed 
with the importance of North America as a producer of high quality bread 
wheats. The data presented bears an important relation to the future of the 
wheat growing industry in both the United States and Canada. 


—C, E. MANGELS. 
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Die Theorie der praktischen Brot- und Mehlbereitung. Fifth Edition. 352 

pages. Price 8 Marks. F. A. Gunther und Sohn A.-G., Berlin. 1930. 

This is the fifth edition of Fornet’s manual of practical bread and flour pro- 
duction. The first edition appeared in 1920 and was about one-half the size of 
the present edition. The latter has been divided into about 53 sections or chap- 
ters. The scope of the manual is fairly comprehensive. It begins with cereal 
production in the world, and closes with milling costs and cost accounting. 
The space between is occupied by a discussion of most of the details that have 
been identified with the problem of how to produce superior bread. 

Fornet includes a description of the methods employed in the testing of 
wheat and flour. Several of the testing appliances that he devised are described 
in this portion of the book. A brief outline of rye and wheat milling practices 
is also included. Chemical and yeast leavening are next discussed, together 
with yeast-testing methods. Dough preparation, fermentation, the role of vari- 
ous dough ingredients, bleaching and improving combinations occupy a large 
section of the manual. Ovens and baking are treated in a highly graphic man- 
ner. Grain, flour, and bread enemies, including insects, molds, and rope are 
next discussed briefly. Then follow certain physical considerations, including 
thermometry and humidity. Valuation of bread is next presented including 
measurements of loaf volume, elasticity of crumb, porosity, acidity, color and 
specific weight. Under “baking tests,” Fornet exploits his “Mehlometer” which 
provides a simple device for fermenting and baking 100 gram doughs in a small 
pan which is apparently square in horizontal cross-section. Diabetic breads 
and the nutritive value of bread then receive consideration; this section in- 
cludes a discussion of vitamins, salts, and the physiological action of baked 
products. 

Like all pandemic treatments of such an expansive subject, the manual 
fails to provide many details which are of prime concern to the careful student. 
On the other hand, pandemic text-books have their place, and may be of dis- 
tinct value, particularly when written by a careful student. In the latter 
classification Dr. Fornet doubtless belongs. He has accordingly rendered a real 
service in maintaining his manual in an up-to-the-minute form through these 
frequent revisions. —C. H. BAILEY. 














CORPORATION MEMBERS 
American Association of Cereal Chemists 


American Bakery Materials Co., Menomonie, Wisconsin 

Bakeries Service Corp., 26 Douglas St., Jamaica, New York 

Bilsland Brothers, Ltd., 75 Hyde Park St., Glasgow, Scotland 

Blish Milling Co., Seymour, Indiana 

Carter Mayhew Manufacturing Co., 655 19th Ave. N. E., Minneapolis, Minn. 
Commander Larabee Corp., Minneapolis, Minn. 

Cooperative Grange League, 810 Chamber of Commerce, Buffalo, New York 
Eagle Roller Mill Co., New Ulm, Minn. 

Federal Mills Inc., Lockport, New York 

Gooch Milling & Elevator Co., Lincoln, Nebraska | 
Hecker Jones Jewell Milling Co., 88 Lexington Ave., New York City 
International Milling Co., Minneapolis, Minn. 

Ismert Hincke Milling Co., 1040 Board of Trade Bldg., Kansas City, Mo. 
Kansas Milling Co., Wichita, Kansas 

Laboratory Construction Co., 1111 Holmes St., Kansas City, Mo. 

Lake of the Woods Milling Co., Ltd., 10 St. John Street, Montreal, Canada 
Long, W. E., 155 N. Clark St., Chicago, Illinois 

Montana Experiment Station, Bozeman, Montana 

Northwestern Miller, Minneapolis, Minn. 

Novadel-Agene Corporation, Newark, New Jersey 

Oklahoma Units General Mills, Ine., Oklahoma City, Oklahoma 

Pillsbury Flour Mills Co., Minneapolis, Minn. 

Portsmouth Cotton Oil Refining Corp., Portsmouth, Va. 

Postum Cereal Company, Battle Creek, Michigan 

Provident Chemical Works, 8011 Idaho Ave., St. Louis, Mo, 

Purity Bakeries Service Corp., 844 Rush St., Chicago, Il. 

Quality Bakers of America, 381 4th Ave., New York City 1] 
Red Star Yeast & Products Co., 79-83 Buffalo St., Milwaukee, Wis. 
“Royal Baking Powder Co., 100 E, 42nd St., New York City 
Rumford Chemical Works, 1129 Merchandise Mart, Chicago, I}I. 
Russell-Miller Milling Co., Minneapolis, Minn, 

Societe Anonyme de Minoteries, 24 Rue Royal, Bruxelles, Belgium 
Southwestern Milling Co., Kansas City, Mo. 

Spillers Canadian Milling Co., Calgary, Alberta, Canada 

Spillers Limited, 40 St. Mary Ave., London E. C. 3 England 
Standard Brands, Inc., 701 Washington St., New York City 

State Testing Mill, 34th and Hiawatha Ave., Minneapolis, Minn. 
Thomas Page Milling Co., fopeka, Kansas 

United Biscuit Co. of America, 1041 W. Harrison St., Chicago, IIl. 
Victor Chemical Works, 343 S. Dearborn St., Chicago, III. 
Wallerstein Company, Inc., 171 Madison Ave., New York City 








Washburn-Crosby Company, Chamber of Commerce, Minneapolis, Minn. 
Wichita Flour Mills Co., Wichita, Kansas 
Wichita Mill & Elevator Co., Wichita Fails, Texas 















































Officers and Committees of the 
American Association of Cereal Chemists 





President - = = «© «© «= @ #£ © = © © «= € G. Hannes 
Commander-Larabee Corp., Minneapolis, Minnesota 
Vice-President - - - - + * * 2 2 « -« +  R. K. Durnam 
Rodney Milling Co., Kansas City, Mo. 
Secretary-Treasurer -  - - + © 2+ *#© * 2 =  « + M.D. Mize 


Omaha Grain Exchange, Onfaha, Nebraska 





EXECUTIVE COMMITTEE 


R. K. Durham C. E. Mangels L. D. Whiting M. A. Gray 
COMMITTEE ON ALLIED ASSOCIATIONS 
Leslie R. Olsen H. E, Weaver 
MEMBERSHIP COMMITTEE - 
A. D. Wilhoit W. L. Heald Bort Ingels E. L. Von Eschen 
Wm. V. Vanscoyk Pearl Brown W. E. Richards L. E. Jackson 
J. A. LeClere J. W. Montzheimer T. R. Aitken Claude F. Davis 


Harry Liggitt 


COMMITTEE ON METHODS OF ANALYSIS 


John T. Flohil D. A. Coleman F. A. Collats A. E. Treloar 
A. W. Meyer . C. Meyer 


COMMITTEE ON STANDARDIZATION OF LABORATORY 


BAKING 
C. H. Bailey M. J. Blish G. Moen : K. Larmour R. J. Clark 
E. B. Working H. E. Weaver L. R. Olsen . A. Gray 


COMMITTEE ON METHODS OF TESTING CAKE AND 
BISCUIT FLOURS 


Mary M. Brooke L. H. Bailey C. H. MacIntosh J. A. Dunn 
Geo. L. Alexander L. E. Jackson Cc. B. Kress E. E. Smith 


COMMITTEE ON EMPLOYMENT 


Cc. B. Morison . D. Mize L. E. Clark Paul Sherrick 
COMET TEE ON Peg eid 
L. H. McLaren E. Minton Cc. B. Morison Paul Logue 
A. W. Aleork E. F. Tibbling 


COMMITTEE ON OSBORNE MEDAL AWARD 
R. A. Gortner Cc. L. Alsberg M. A. Gray C. J. Patterson Cc. O. Swanson 


1 eT ION COMMITTEE 
Julius Hendel . McLaren Fred neane Hugo Roos 
M. F. Dillon F. Geddes 


MESTORY COMMITTEE 
R. W. Mitchell J. A. LeClere S. J. Lawellin 


CONVENTION PROGRAM COMMITTEE 
Emily Grewe A. A. Schaal R. C. Sherwood 


CONVENTION PEPTIZER 
J. A. Dunn 


Committee of Milling Chemistry at Julius Rosenwald 
Museum of Science and Industry 
F. L. Dunlap C. B. Morison Harry Weaver 



























